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ENHANCED WIRELESS HANDSE'T,
INCLUDING DIRECT
HANDSET-TO-HANDSET COMMUNICATION
MODL

CROSS REFERENCE TO RELATED
APPLICATION

This 1s a continuation application of U.S. patent applica-
tion Ser. No. 09/968,856 filed on Oct. 3, 2001 which 1s a
divisional application of U.S. patent application Ser. No.
09/094,600 filed on Jun. 15, 1998 (U.S. Pat. No. 6,484,027),
the contents of both of which are expressly incorporated
herein by reference 1n their entirety.

BACKGROUND OF INVENTION

The present invention generally relates to the field of com-
munications and the use of wireless handsets. More particu-
larly, the present invention relates to wireless handsets with
enhanced functionality, including the ability to operate within
a wireless network and 1n a direct handset-to-handset com-
munication mode.

Acronyms

The written description provided herein contains acronyms
which refer to, for example, various communication services,
components and techmques, as well as features relating to the
present mvention. Although some of these acronyms are
known, use of these acronyms 1s not strictly standardized in
the art. For purposes of the written description herein, acro-
nyms will be defined as follows:

Citizens Band (CB).
Complimentary Metal Oxide Semiconductor (CMOS)

Customer Premise Equipment (CPE)

Electronically Erasable Programmable Read Only Memory
(EEPROM)

Federal Communications Commission (FCC)
Group System for Mobile Communications (GSM)
Interim Standard (IS)

Liquid Crystal Display (LCD)

Mobile Identification Number (MIN)

Mobile Switching Center (MSC)

Mobile Telephone Switching Office (MTSO)
Number Assignment Module (NAM)

Personal Access Communication System (PACS)
Personal Communications Network (PCN)
Personal Communications Services (PCS)

Personal Handyphone Systems (PHS)
Public Land Mobile Network (PLMN)

Plain Old Telephone Service (POTS)

Public Switched Telephone Network (PSTN)
Random Access Memory (RAM)

System Access List (SAL)

Supervisory Audio Tone (SAT)
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2
System Identification Code (SID)

Subscriber Identity Module (SIM)
System Operator Code (SOC)
Signal Strength (SS)

Transmission Control Protocol/Internet Protocol (TCP/IP)

Time Division Multiple Access (TDMA)

BACKGROUND AND MATERIAL
INFORMAITON

Traditionally, wireless handsets have been provided to
facilitate mobile communications. Such handsets are typi-
cally assigned a umique wireless or mobile 1dentification
number. By dialing the number assigned to the handset, a user
may attempt to access a wireless handset user through the
wireless network infrastructure. The wireless network may
facilitate communications between two mobile wireless
handset users, or between a user located at a fixed location
(such as, for example, a Plain Old Telephone Service (POTS)
station location) and a wireless handset user. In addition, the
wireless network may comprise a cellular network or a
mobile telephone network to facilitate communication.

Wireless networks enable mobile station users to roam over
large geographic areas while maintaining immediate access
to communication services. Mobile station users often carry
their handsets or have them installed in their vehicle(s).
Mobile stations comprising cellular telephones or wireless
handsets may be operable 1mn cooperation with cellular or
Personal Communications Services (PCS) communications
systems. Cellular communication systems typically provide
service to a geographic area by dividing the area into many
smaller areas or cells. Each cell 1s serviced by a radio trans-
ceiver (1.e., a transmitter-receiver base station or cell site).
The cell sites or base stations may be connected to Mobile
Telephone Switching Offices (IMTSOs) or Mobile Switching
Centers (MSCs) through landlines and/or other communica-

tion links. The MSCs may, 1n turn, be connected via landlines
to the Public Switched Telephone Network (PSTN).

FIG. 1 illustrates the main components of a conventional
cellular network. As shown 1in FIG. 1, a wireless handset 38
may place or recerve calls by communicating with a cell site
30 or a cell site 40, depending upon the location of the wire-
less handset and the cell coverage area that i1s provided by
cach cell site (1.e., cell coverage area 35 of cell site 30 or cell
coverage arca 45 of cell site 40). For purposes of illustration,
wireless handset 38 1s depicted in FIG. 1 as beimng able to
communicate with either cell site 30 or cell site 40, even
though the wireless handset 1s not illustrated as being located
within cell coverage area 35 or cell coverage area 45. Under
normal operating conditions, the extent to which wireless
handset 38 will be able to communicate with cell site 30 or
cell site 40 will depend on the geographic location of the
wireless handset and the size of the cell coverage area of each
cell site. Further, although only two cell sites are depicted 1n
FIG. 1, the entire cellular network may include, for example,
more than two cell sites. In addition, more than one cell site
may be connected to each MSC and more than one wireless
handset 38 may be operating within each cell site.

Wireless handset 38 may include a conventional cellular
telephone unit with a transceiver and antenna (not shown) to
communicate by, for example, radio waves with cell sites 30
and 40. Various air-interface technologies may be imple-
mented to facilitate communication between each wireless
handset and the cell sites. Cell sites 30 and 40 may both
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include a radio transceiver (not shown) and be connected by
landlines 16 or other communication links to MSCs 24, 28. A
PSTN 12 i1s also connected to each of the MSCs 24, 28 by
landline 16 or other communication links. PSTN 12 may also
be connected to fixed Customer Premise Equipment (CPE) 6
(which may include telephone equipment) by communica-
tion or trunked lines 10.

The MSCs 24, 28 may be conventional digital telephone
exchanges that control the switching between PSTN 12 and
the cell sites 30 and 40 to provide wireline-to-mobile, mobile-
to-wireline and mobile-to-mobile call connectivity. Each
MSC may perform various functions, including: (1) process-
ing mobile station status data recerved from the cell site
controllers; (11) handling and switching calls between cells;
(111) processing diagnostic information; and (1v) compiling
billing information. The transceiver (not shown) of each cell
site 30 and 40 provides communications, such as voice and
data, with each wireless handset 38 while it 1s present 1n 1ts
geographic domain. The MSCs 24, 28 may track and switch
wireless handset 38 from cell site to cell site, as the wireless
handset passes through various coverage arecas. When wire-
less handset 38 passes from one cell to another cell, the MSC
of the corresponding cell may perform a “hand-off” that
allows the wireless handset to be continuously serviced.

In the current North American cellular system, any given
area may be serviced by up to two competing service provid-
ers of cellular arrtime communication services. By Federal
Communications Commission (FCC) regulations, the two
competing cellular service providers are assigned different
groups ol Irequencies within the 800-900 MHZ region
through which services are provided. A frequency set typi-
cally includes control channels and voice channels. The con-
trol channels are used for preliminary communications
between a mobile station and a cell site for setting up a call,
alfter which a voice channel 1s assigned for the mobile sta-
tion’s use on that call. The assigned frequency sets are gen-
erally referred to as “A band frequencies” and “B band fre-
quencies”. Typically, the A band frequencies are reserved for
non-wireline service providers, while the B band frequencies
are reserved for wireline service providers. While each fre-
quency set for a given cellular service area 1s assigned to only
one service provider, 1n different service areas the same fre-
quency set may be assigned to different service providers or
companies. Cellular service providers olten charge usage fees
for airtime since they have to purchase or license the wireless
bandwidth over which cellular calls take place, and because
they have to maintain their wireless network. The FCC, how-
ever, has also designated unlicensed bands in Northern
America which do not require a license to operate on if the
transmit power 1s suiliciently low. For example, the 902-928
MHZ Industrial, Scientific and Medical band 1s unlicensed in
the Umted States. This band 1s commonly used for home
cordless telephones and 1s well suited for voice communica-
tions at limited distances.

Depending upon which cellular service provider i1s sub-
scribed to by the user of the wireless handset, the home
frequency set of the user may correspond to the A frequency
band or the B frequency band. Whenever a call 1s placed by
the mobile station or wireless handset, the unit will ordinarily
attempt to use the home frequency set to establish the call. If
a call 1s handled outside of the user’s home network area, then
the unit 1s said to be “roaming” and service will be attempted
through a frequency set of the preferred service provider in
that area. Typically, the user’s home service provider will
have a roaming agreement or reciprocal billing arrangement
with the non-home service provider to permit service to be
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extended to the user’s wireless unit when 1t 1s roaming in the
non-home service provider’s service area.

The wireless handset may include a memory device, such
as anumber assignment module (NAM), 1n which an assigned
phone number (MIN) and a system 1dentification code (SID)
1s stored to uniquely 1dentify the home service provider for
the unit. In addition, the wireless handset may store a unique
Electronic Serial Number (ESN) that 1s assigned to the wire-
less handset. In the North American cellular system, each
cellular market or provider 1s assigned a distinct, fifteen bat
SID. In Europe, on the other hand, the Global System for
Mobile Communications (GSM) standard (see, for example,
Recommendation GSM 02.11, Service Accessibility, Euro-
pean Telecommunications Standards Institute, 1992) defines

a process for network selection based on the wireless handset
reading the GSM equivalent of the SID, called the Public

Land Mobile Network (PLMN) identity. The SID or equiva-
lent system i1dentification number 1s broadcast by each service
provider or cellular provider and 1s used by the wireless
handset to determine whether or not the wireless handset 1s
operating 1n its home network or if 1t 1s operating 1n a roaming
condition. The wireless handset makes this determination by
reading the SID that i1s broadcast in the cellular market in
which 1t 1s located, and comparing 1t to the home SID stored
in the NAM of the cellular phone unit. If the SIDs do not
match, then the wireless handset 1s roaming, and the mobile
station must attempt to gain service through a non-home
service provider. Due to the imposition of a fixed surcharge or
higher per unit rate, the airtime charges when the mobile
station 1s roaming are customarily higher than when 1t 1s
operating within 1ts home network.

When a wireless handset 1s switched ON, the handset scans
the group of control channels to determine the strongest cell
site or base station signal. Control channels are primarily
involved 1n setting up a call and moving 1t to an unused voice
channel. When a telephone call 1s placed, a signal 1s sent to the
cell site or base station. The MSC usually dispatches the
request to all base stations 1n the cellular system. The MIN
which 1s assigned as the phone number to the wireless handset
1s then broadcast as a paging message throughout the cellular
system. When the wireless handset recetves the page, the
handset identifies 1tself to the base station 1t received the page
from (usually the strongest base station) and informs the
MSC of the “handshake”. The MSC then instructs the base
station to move the call to an unused channel. As noted above,
the MSC may also provide access to the PSTN once a channel
1s established.

Operation under a roaming condition 1s often under the
control of the wireless handset user. The user can select
whether the mobile station will operate 1n a Home System
Only, A Band Only, B Band Only, A Band Preferred, or B.
Band Preferred operating mode. The user typically controls
the system preference and mode operation through menu
choice or selection. This current method of roaming control 1s
conventionally known as “Preferred System Selection”. In
the most common roaming situation, the wireless handset
remains on the same band as the home cellular network. That
15, 1f the wireless handset 1s homed to a cellular network with
an odd numbered SID (which 1s normally assigned to an A
band cellular service provider), then the wireless handset wall
obtain service from the A band cellular service provider when
roaming.

In addition to conventional cellular network systems, Per-
sonal Communications Services (PCS) systems are also
available. PCS covers a broad range of individualized com-
munication services. However, providing cellular or PCS ser-
vices 1s costly. To recover these costs, a subscriber 1s normally
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required to pay a monthly fee and additional fees may be
charged for time spent talking on the wireless handset (often
referred to as airtime). Some service plans may give a sub-
scriber a certain number of minutes of airtime free per month
and then charge for every minute over that allotment. Other
plans may charge for every minute spent using the wireless
handset. In addition, the subscriber i1s often required to pur-
chase the wireless handset or sign a multi-year service con-
tract. Additional charges may also be incurred for service
teatures (such as voice mail) or using the wireless handset 1n
other service markets. Roaming charges can be costly, espe-
cially where preferred roaming carriers are not available.

Forms of wireless or mobile communication that do not
incur these fees are also available. For example, cordless
phone systems, land mobile radio systems, CB radios and
walkie-talkies are available. Cordless phone technologies are
often utilized 1n home or office environments and operate
over unlicensed bands to provide wireless or cordless phone
capabilities via a cordless phone base station. Cordless phone
units typically employ a manufacturer’s proprietary protocol
to manage full duplex communications between the handset
and a single cordless phone base station connected to a phone
line. Further, land mobile radio systems, CB radios, walkie-
talkies and radios using the new family band provide half
duplex (push-to-talk) wireless voice comminations over
extended ranges (e.g., at ranges up to 2 miles). These devices
communicate directly by broadcasting voice signals over
channels that are shared with anyone who buys a similar
device and desires to listen 1n to the conversation.

Such technologies do not incur fees, since they do not rely
upon a wireless network infrastructure or service provider,
such as with cellular or PCS units. However, these devices
also sulfer from several drawbacks. For example, cordless
phone systems operate over limited ranges and do not support
direct handset-to-handset communication, since all calls are
handled through the cordless phone base station. Cordless
phone units also have limited capabilities and operating fea-
tures that restrict their usefulness. Further, while land mobile
radio systems, CB radios, walkie-talkies and other radio sys-
tems provide direct communication between units over
extended ranges, such devices do not provide any level of
privacy since all signals are broadcasted by the units and may
be received by other parties. In addition, radio devices only
provide half-duplex communications and require that users
manually select similar operating channels.

In recent years, Personal Handyphone System (PHS) hand-
sets have been provided as an alternative and more economi-
cal solution for wireless communications. PHS systems uti-
lize low powered handsets and a micro-cell network
architecture including a large number of cell stations to pro-
vide coverage. Each cell station picks up a carrier at random
from those available and selects a carrier on the basis of least
interference. A traific channel 1s then allocated to provide
wireless communications. PHS systems also provide other
features, such as user authentication, location registration and
seamless handover during calls. PHS systems, however, have
not been commercially successiul 1n many developed coun-
tries (including the United States and Germany) and have
limited handset features.

In view of the foregoing, there i1s presently a need for a
tull-featured wireless handset that includes enhanced features
or capabilities to provide a user with greater tlexibility and
optimum performance. For example, many users would ben-
efit from a full-featured wireless handset that 1s capable of
operating within a wireless network (such as a cellular phone,
PCS or PHS network), as well as operating 1n a direct handset-
to-handset mode within a limited range but without the utili-
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zation of a wireless network. Since direct handset-to-handset
calls avoid the use of a wireless network, users would be
provided with the benefit of being able to place calls free of
the wireless network and with little or no airtime charges (1.¢.,
monthly service or use charges could be applied to the user by
the supplier of the wireless handset). A full-featured wireless
handset with such functionality would have broad appeal to
many users and could be applied to many applications to
permit users to reduce their cellular phone charges. There 1s
also a need for an improved wireless handset that has
enhanced features, and which does not suffer from the draw-
backs of existing communication devices, such as those
described herein. For example, a wireless handset that 1s
capable of operating 1n a direct handset-to-handset commus-
nication mode would be beneficial 1f 1t included enhanced
features, such as full-duplex, private communication,
dynamic channel allocation and handset locating capabilities.
Such features would eliminate the need for users to prear-
range or manually select operating channels (which 1s a com-
mon drawback 1n radio systems such as CB radios) and pro-
vide full duplex communication free of a communication
network and without incurring substantial airtime charges.

Various user groups and industries would benefit from such
an enhanced wireless handset. For example, the functionality
of such a wireless handset 1s currently needed by mobile
crews, on-site mobile personnel, businesses, teachers, teen-
agers and families. Mobile crew workers, including contrac-
tors, electricians, plumbers, tow truck drivers and caterers,
have a strong need for such a wireless handset to enable such
personnel to keep in contact with one another at various job
sites and to facilitate collaboration on projects at a substantial
cost savings. On-site mobile personnel, such office building
employees and personnel, security personnel, and ware-
houses, as well as teachers and other faculty members would
also benefit from such a wireless handset, by enabling them to
keep contact with other personnel and departments while
spending much of their day 1n transit or in remote locations of
the job site. In addition, there 1s a need for an enhanced,
wireless handset communication device by teenagers and
families which wish to keep in contact with one another
during social events or vacations. Such a device would also
provide an mexpensive solution for locating one another and
preventing parties from being lost or separated.

SUMMARY OF THE INVENTION

In view of the foregoing, the present invention, through one
or more of 1ts various aspects, embodiments and/or specific
features or subcomponents thereot, 1s thus intended to bring
about one or more of the objects and advantages as discussed
below.

An object of the present invention 1s to provide a fully
teatured, wireless handset that provides greater flexibility and
operating capabilities for users.

In addition, an object of the invention 1s to provide a wire-
less handset that 1s mnexpensive to operate and that includes
enhanced features and capabilities.

A Turther object of the invention 1s to provide a wireless
handset that 1s capable of operating 1n a direct handset-to-
handset communication mode.

Another object of the present invention 1s to provide a
wireless handset that has enhanced operating {features,
including the capability of operating either within a wireless
network or outside of a wireless network 1n a direct handset-
to-handset communication mode.

Still another object of the present invention 1s provide a
wireless handset that 1s capable of providing full-duplex com-
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munication and performing dynamic channel allocation to
establish communication with another handset.

Yet another object of the present invention 1s to provide a
wireless handset with enhanced features, such as a find fea-
ture that assists a handset operator in determining what
objects, including other handset users, are located within the
handset’s operating range.

Another object of the invention 1s to provide a wireless
handset that includes a memorize feature, which permits a
wireless handset to exchange information conveniently and
securely with another handset or object by wireless transmis-
S1011.

In addition, an object of the invention 1s to provide a plu-
rality of enhanced features for a wireless handset, including,
find features, memorize features, conference call features and
short range messaging features.

Accordingly, an enhanced wireless handset 1s provided that
1s capable of operating within a traditional wireless network
or 1n a direct handset-to-handset communication mode. The
wireless handset includes enhanced operating features,
including find features for locating objects, including other
wireless handsets, paging devices and beeping devices or
clips attached to items (such as keys, tools, pets, etc.), that are
within range of the wireless handset. In order to provide such
teatures, the wireless handset 1s implemented with: means for
initiating a find feature to determine 11 at least one specified
object 1s within range of the wireless handset; means for
generating a query message over a control channel based on
the initiation of the find feature; means for detecting a positive
response message ifrom the specified object i reply to the
query message; and means for indicating, based on the posi-
tive response message being detected by the detecting means,
that the specified object 1s within range of the wireless hand-
set.

According to an aspect of the invention, the wireless hand-
set may include a find list that comprises a plurality of entries,
wherein each of the entries includes information for specily-
ing at least one object. The information of each entry in the
find list may include the name and/or ID associated with the
object specified by the entry. The imitiating means may 1ni-
tiate a {ind feature based on the information of at least one
entry of the find list. The wireless handset may also 1include
means for selecting an entry in the find list to specily an
object, whereby the 1nitiating means 1nitiates a specific find
request based on the object specified by the entry of the find
list selected with the selecting means to determine 1 the
selected object 1s within range of the wireless handset. When
no entry in the find list 1s selected with the selecting means,
the intiating means may initiate a general find request based
on each object specified by the plurality of entries of the find
list 1n order to determine which objects on the find list are
within range of the wireless handset.

In accordance with another aspect of the invention, the
indicating means may comprise means for recording infor-
mation to a found list based on the positive response message
and means for displaying the found list to indicate that the
specified object 1s within range of the wireless handset. The
wireless handset may also include means for detecting when
a response has not been recetved, within a predetermined wait
time, from the specified object in reply to the query message,
and means for alerting that the object was not found when the
detecting means detects that a response has not been recerved.
The query message may comprise an ID of the specified
object and an ID of the wireless handset that generated the
query message. Means for detecting a signal strength of the
positive response message may also be provided, and the
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indicating means may indicate the detected signal strength of
the positive response message to the user of the wireless
handset.

In accordance with another aspect of the invention, a
method 1s provided for locating objects, such as other wire-
less handsets, paging devices and beeping devices or clips,
that are within range of a wireless handset. The method com-
prises: mitiating a find feature to determine if at least one
specified object 1s within range of the wireless handset; gen-
erating a query message over a control channel based on the
initiation of the find feature; detecting a positive response
message Irom the specified object in reply to the query mes-
sage; and recording information to a found list based on the
positive response message to indicate that the specified object
1s within range of the wireless handset.

The method may further comprise providing a find list
comprising a plurality of entries, and imtiating a find feature
based on mformation of at least one entry of the find list,
wherein the information of each entry 1n the find list specifies
at least one object to be located. The method may also provide
selecting an entry 1n the find list to specily an object and
initiating a find feature based on the object specified by a
selected entry of the find list to determine 1t the selected
object 1s within range of the wireless handset. When 1t 1s
detected that no entry in the find list has been selected, a
general find request may be initiated based on each object
specified by the plurality of entries of the find list to determine
which objects on the find list are within range of said wireless
handset.

The present 1invention also relates to a wireless handset
with enhanced operating features, including find features for
locating objects (such as other wireless handsets) that are
within range of the wireless handset. In accordance with an
aspect of the mvention, the wireless handset comprises:
means for initiating a find feature to determine 11 at least one
specified object 1s within range of the wireless handset;
means for tuning to a registry channel based on the initiation
of the find feature; means for recerving a registry message on
the registry channel from the at least one specified object in
response to the query message; and means for recording
information based on the registry message recerved from the
at least one specified object.

The mformation that 1s recorded by the recording means
may include the name and/or ID associated with the specified
object. Further, the recording means may record the informa-
tion to a found list to indicate that the specified object 1s
within range of the wireless handset. Alternatively, the infor-
mation that 1s recorded by the recording means may comprise
the ID associated with the specified object and a channel for
contacting the specified object. In such a case, the recording
means may record the information to a temporary list of the
wireless handset. Further, means for generating a query mes-
sage over the channel for contacting the specified object may
be provided, as well as means for detecting a positive
response message from the specified object 1n reply to the
query message.

The wireless handset may also comprise means for indi-
cating, based on the positive response message detected by
the detecting means, that the specified object 1s within range
of the wireless handset, means for recording information to a
found list based on the positive response message, and means
for displaying the found list to indicate that the specified
object 1s within range of the wireless handset. In this case, the
information that is recorded by the recording means may
indicate a channel for contacting the specified object and a
slot time for contacting the specified object on the channel.
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In accordance with another aspect of the ivention, a
method 1s provided for locating objects that are within range
of a wireless handset. The objects to be located may comprise
other wireless handsets, paging devices and beeping devices
or clips attached to items. In general, the method may com-
prise: 1mtiating a find feature to determine 1f at least one
specified object 1s within range of the wireless handset; tun-
ing to a registry channel based on the initiation of the find
feature; receiving a registry message on the registry channel
from the at least one specified object 1n response to the query
message; and recording information based on the registry
message recerved from the at least one specified object.

The information that i1s recorded may include the name
and/or ID associated with the specified object. Further, in the
disclosed method, information may be recorded to a found list
to indicate that the specified object 1s within range of the
wireless handset.

According to another aspect of the mmvention, a wireless
handset with enhanced operating features i1s provided,
wherein the enhanced operating features comprise a memo-
rize feature for exchanging information with objects, includ-
ing other wireless handsets that are capable of operating 1n a
communication mode with the wireless handset. To 1imple-
ment the memorize feature, the wireless handset may com-
prise: means for mitiating a memorize feature with at least
one object; means for generating a query message based on
the 1mitiation of the memorize feature to request a response
from the at least one object; means for receiving a positive
response message from the at least one object 1n reply to the
query message; and means for recording information based
on the positive response message received from the at least
one object.

The information that i1s recorded by the handset may
include an ID or number associated with the at least one
object. Further, the generating means may generate the query
message at a reduced power level when the at least one object
1s 1n close proximity to the wireless handset, so that the query
message 1s not received by other objects.

The above-listed and other objects, features and advan-
tages of the present mvention will be more fully set forth
hereinatter.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s further described 1n the detailed
description which follows, by reference to the noted plurality
of drawings by way of non-limiting examples of preferred
embodiments of the present invention, 1n which like reference
numerals represent similar parts throughout the several views
of the drawings, and wherein:

FIG. 1 illustrates the basic components of a conventional
cellular network system;

FIG. 2 illustrates exemplary components of a network
infrastructure for supporting wireless communication
between enhanced wireless handsets, according to an aspect
of the present 1nvention;

FI1G. 3 1llustrates, 1n accordance with another aspect of the
present invention, a direct handset-to-handset communica-
tion mode between wireless handsets;

FIG. 4A 1s an exemplary block diagram of the main com-
ponents of a wireless handset, in accordance with an aspect of
the present invention;

FIG. 4B 1llustrates, in accordance with an aspect of the
ivention, exemplary features of a wireless handset;

FIG. 5 illustrates a state transition diagram of a wireless
handset, 1n accordance with an aspect of the invention;
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FIGS. 6A, 6B, 6C, 6D and 6E are exemplary flowcharts of
the various processes and operations that may be performed
by a wireless handset of the invention when operating 1n an
Idle state and responding to messages from other handsets;

FIGS. 7A and 7B illustrate exemplary flowcharts of the
various processes and operations 1n an Paging state, accord-
ing to an aspect of the invention;

FIG. 8 1illustrates an exemplary flowchart of the various
processes and operations 1n a Conversation state, according to
an aspect of the invention;

FIGS. 9A and 9B are exemplary flowcharts of the various
processes and operations that may be carried out for perform-
ing a general find request with a separate or dedicated tuner;

FIGS. 10A and 10B are exemplary flowcharts, in accor-
dance with another embodiment of the invention, of the vari-
ous processes and operations that may be carried out for
performing a general find request with a predefined control
channel;

FIGS. 11A and 11B are exemplary flowcharts of the vari-
ous processes and operations that may be carried out for
performing a general find request, 1n accordance with yet
another embodiment of the invention;

FIG. 11C 1s an illustration of the manner 1n which handsets
may register sequentially on a control channel;

FIGS. 12A and 12B are exemplary flow charts of another
embodiment of the invention for performing a general find
request;

FIGS. 13A and 13B are exemplary tlowcharts of the vari-
ous processes and operations that may be carried out for
performing a specific {ind request with a separate or dedicated
tuner;

FIGS. 14A and 14B are exemplary flowcharts, in accor-
dance with another embodiment of the invention, of the vari-
ous processes and operations that may be carried out for
performing a specific find request to locate a specific object,
such as another wireless handset user, with a predefined con-
trol channel;

FIGS. 15A and 15B are exemplary tflowcharts of the vari-
ous processes and operations that may be carried out for
performing a specific find request, 1n accordance with yet
another embodiment of the invention;

FIGS. 16 A and 16B are exemplary flow charts of another
embodiment of the invention for performing a specific find
request;

FIGS. 17A and 17B are exemplary flow charts of an
embodiment for performing a memorize feature of the
present invention;

FIGS. 18A, 18B and 18C illustrate an embodiment for
providing three-way conferencing through the use of time
domain multiplexing;

FIGS. 19A and 19B 1llustrate an embodiment for locating,
a non-transmitting object, such as a paging or clip device
attached to an item:

FIGS. 20A and 20B 1illustrate an embodiment for locating
a transmitting object, such as a paging or clip device attached
to an item;

FIGS. 21 A and 21B 1illustrate an embodiment for locating,
a transmitting object, such as a paging or clip device attached
to an 1item, and causing the device to emit an audible beep;

FIGS. 22A and 22B are exemplary flowcharts of the vari-
ous processes and operations that may be carried out by a
wireless handset (i.e., handset A) when a free call 1s to be
initiated and set up with another handset (i.e., handset B);

FIGS. 23 A and 23B are exemplary flowcharts of the vari-
ous operations and procedures that may be carried out by
handset B when responding to the call request from handset

A
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FIGS. 24 A and 24B are exemplary flowcharts of the func-
tions and procedures carried out by handset A when negoti-
ating a channel for the call with handset B, wherein handset A
acts as the originator or originating party for the channel
negotiation;

FIGS. 25A and 235B are exemplary flowcharts of the vari-
ous procedures and operations carried out by handset B when
negotiating the channel for the call with handset A wherein
handset B acts as the recipient for the channel negotiation;

FIGS. 26 A and 26B are exemplary flowcharts of the vari-
ous processes and operations carried out by handset A for
initiating a call with handset B, when handset B 1s on a call

with another handset (1.e., handset C);

FIGS. 27A and 27B are exemplary flowcharts of the vari-
ous processes and operations that may be carried out by

handset B to handle the call request from handset A, while
handset B 1s on a call with handset C;

FIG. 27C 1s an exemplary flowchart of the various pro-
cesses and operations that may be carried out by handset C
when 1t 1s placed on hold by handset B to accept the call
request from handset A;

FIG. 28 1s an exemplary tlowchart of the various processes
and operations that may be carried out by handset A to initiate
a call request and establish a free call with handset B through
the use of a dedicated channel;

FI1G. 29 illustrates the various operations and procedures
that may be carried out by handset B when responding to the
call request from handset A;

FIGS. 30A and 30B are exemplary flowcharts of the vari-
ous processes and operations that may be carried out by
handset A when negotiating a channel with handset B, with
handset A acting as the originator or originating party;

FIGS. 31A and 31B are exemplary flowcharts of the vari-
ous processes and operations that may be carried out by
handset B when negotiating a channel with handset A, with
handset B acting as the recipient or receiving party;

FIG. 32 1s an exemplary tlowchart of the various processes
and operations carried out by handset A for immitiating a call
with handset B, when handset B 1s on a call with another

handset (i.e., handset C);

FI1G. 33 1s an exemplary tlowchart of the various processes
and operations that may be carried out by handset B to handle

the call request from handset A, while handset B 1s on a call
with handset C;

FI1G. 34 1s an exemplary tlowchart of the various processes
and operations that may be carried out by handset C when 1t
1s placed on hold by handset B to accept the call request from

handset A;

FIG. 35 1s an exemplary block diagram of the main com-
ponents of a non-transmitting clip device, 1n accordance with
an aspect of the present invention;

FIG. 36 1s an exemplary block diagram of the main com-
ponents of a transmitting clip device, 1n accordance with
another aspect of the present invention;

FIGS. 37 and 38 are exemplary flowcharts, in accordance
with an aspect of the invention, of the various processes and
operations that may be carried out by handset A and handset
B, respectively, to establish a free call through the utilization
ol a dedicated control channel;

FIGS. 39A and 39B illustrate exemplary flowcharts of the
various processes and operations 1 a Find Request state,
according to an aspect of the mnvention;

FIGS. 40A and 40B illustrate exemplary flowcharts of the
various processes and operations 1 a Memorize Request
state, according to another aspect of the invention; and
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FIGS. 41 A and 41B illustrate exemplary flowcharts of the
various processes and operations 1n an Short Range Messag-
ing state, according to still another aspect of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the accompanying drawings, a detailed
description of the preferred embodiments and features of the
present invention will be provided.

The present invention relates to a wireless handset that
includes enhanced features to provide greater flexibility and
optimum performance. According to an aspect of the present
invention, a wireless handset 1s provided that permits a user to
operate either within a wireless network or to communicate
with another user in a direct handset-to-handset operating
mode. The direct handset-to-handset communication mode
provides full-duplex, two-way communication without uti-
lizing a wireless network infrastructure. In addition, as fur-
ther described herein, the wireless handset of the present
invention includes features that enhance the operability and
functionality of the handset. Such features include a find or
locate feature that assists a handset operator 1n determining
what other handset users are located within the operating
range of the wireless handset. These and other features and
aspects of the present ivention will now be described 1n
greater detail with reference to the accompanying drawings.

The wireless handset of the present mvention may be
implemented as a fully featured handset that 1s capable of
operating 1n a wireless network, such as a cellular or PCS
network, and/or to operate independent of a wireless network
in a direct handset-to-handset communication mode. FIGS. 2
and 3 illustrate the main operating modes of the wireless
handset of the invention. While 1t 1s preferred that the handset
1s provided with thus dual capability or functionality, 1t 1s
possible to implement the wireless handset and features of the
present invention 1n the form of a special purpose handset that
1s capable of only operating 1n a direct handset-to-handset
communication mode. Such a special purpose handset may
communicate with other special purpose handsets and/or with
full-featured handsets that are also capable of operating
within a wireless network. In addition, it 1s also possible to
implement the wireless handset of the present invention in the
form of a handset that is capable of operating 1n a direct
handset-to-handset communication mode and that can func-
tion as a cordless phone 1n cooperation with a cordless phone
base station. Such a wireless handset may also be provided
with the capability to operate within a wireless network, such
as a cellular or PCS network. Other modifications and imple-
mentations may be realized according to the needs of the
wireless handset user.

FIG. 2 1llustrates a wireless network operating mode of a
wireless handset, according to an aspect of the present inven-
tion. As shown in FIG. 2, wireless handsets 42A, 42B may
communicate with one another via a wireless network 1nfra-
structure 132. Wireless network infrastructure 132 may be
implemented utilizing conventional cellular or PCS technol-
ogy. In the exemplary embodiment of FIG. 2, wireless hand-
set 42A may establish wireless communication with wireless
handset 42B under the control of mobile switching center
(MSC) 124. Assuming that wireless handset 42 A 1s operating
within a cell coverage area 145 of base station or cell site 140,
a call may be completed to wireless handset 42B operating
within cell coverage area 135 of base station or cell site 130 by
use of conventional air interface technology and landlines
116 connecting the base stations to the MSC 124. A call may
also be completed 11 both wireless handsets 42A and 42B are
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operating within the same cell coverage area (e.g., area 135 or
145), in which case only one base station 1s mvolved. When
operating within wireless network infrastructure 132, calls
initiated by either wireless handset 42A or 42B are normally
assessed airtime charges or fees according to the service plans
subscribed to by the users. In addition, fees may also be
assessed 1 either handset 42 A or 42B 1s roaming outside of 1ts
home market area or 11 certain service options are enabled.

When operating 1n a direct handset-to-handset communi-
cation mode, the wireless handsets 42A, 42B of the present
invention directly establish communication between one
another without use of a wireless network infrastructure. As a
result, airtime charges may be avoided when the wireless
handsets 42A, 42B are functioming in a direct handset-to-
handset mode and independently of a network. As 1llustrated
in FIG. 3, when communicating in a direct handset mode,
wireless handsets 42A, 42B can directly communicate with
one another without the use of a base station or MSC. As
turther described herein, the selection and setup of a channel
for providing communication between the handsets may be
established through the use of a dynamic channel allocation
technique or process. In such a case, predefined channels may
be allocated and searched, with a channel being selected
based on the channel having the least detected interference
level or the first located channel providing suificient signal
strength. In addition, other channel selection and setup tech-
niques may be utilized to avoid the need for manual channel
selection and coordination by each user or operator.

As discussed above, the wireless handset of the present
invention may be configured and implemented according to
the level of functionality and operability that 1s required (e.g.,
direct handset mode only or with dual communication mode
capabilities). FIGS. 4A and 4B 1llustrate exemplary compo-
nents and features of a wireless handset that 1s capable of
operating both within a wireless network and outside of a
wireless network 1n a direct communication mode. The con-
struction and features of wireless handset 42 1n FIGS. 4A and
4B may be utilized to construct the wireless handsets 42A or
42B illustrated 1n FIGS. 2 and 3 and further described herein.

As 1llustrated in the exemplary block diagram of FIG. 4A,
wireless handset 42 may be implemented as a full featured
wireless handset that comprises a control system 61, an
antenna 62, a transceiver or tuner 63, a speaker 64, a display
65, a keypad 66, a microphone 67, and memory 70. An input/
output (I/O) port 69 may also be provided for facilitating
communication with various devices (such as a portable com-
puter, modem, printer, etc.) and for downloading or loading,
information into memory 70. Wireless handset unit 42 may be
configured to provide all the features of a conventional cel-
lular handset unit, 1n addition to the unique programming and
memory configurations and contents for implementing the
direct handset communication mode and other operating fea-
tures of the present invention.

By way ol non-limiting example, speaker 64 may comprise
a conventional speaker for converting electrical audio signals
received by antenna 62 into acoustic audio signals, and micro-
phone 67 may comprise a conventional microphone for con-
verting voice utterances of a user from acoustic audio signals
into electric audio signals for transmission by antenna 62. In
addition, display 65 and keypad 66 may be implemented by
conventional display and keypad devices for displaying and
permitting entry of alphanumeric and other information. For
instance, display 65 may comprise dedicated status lights
and/or a liquid crystal display (LCD) to indicate (through
flashing lights, alphanumeric messages, symbols, 1cons, etc.)
the status of the wireless handset unit and the operating mode.
Further, keypad 66 may comprise menu selection buttons
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and/or a conventional 12-button, alphanumeric keypad for
initiating and receiving calls, and programming or selecting
operating conditions for the wireless handset. The keys of
keypad 66 may include dedicated keys which initialize or
select certain functions of the handset or enter alphanumeric
data when pressed. The keys of keypad 66 may also include
“soit keys” which provide multiple functionality depending
on the operating state or mode of the handset. For example, a
soit key may be provided which functions as both a power
(1.e., ON/OFF) switch as well as an end call (1.e., On-Hook)
switch.

FIG. 4B illustrates an exemplary embodiment of the exter-
nal construction and arrangement of the main components of
wireless handset 42, including antenna 62, speaker 64, dis-
play 65, keypad 66, and microphone 67. The arrangement of
these components may of course be modified or enhanced
according to the needs of the user and the type of features
incorporated into the handset. In addition, as discussed above,
wireless handset 42 may also 1include an I/O port 69 (illus-
trated as being provided on a side surface of wireless handset
42 in FIG. 4B) to facilitate the loading and downloading of
information mto memory 70 of the wireless handset 42. I/O
port 69 may comprise, for example, a data port, a Subscriber
Identity Module (SIM) card slot and/or other types of ports or
slots. Memory 70 of wireless handset 42 may store the MIN,
programming and other operational information to 1mple-
ment the various features and aspects of the invention.
Memory 70 may comprise a read-write memory device that
has an independent power supply or whose contents will not
be effected by power downs of ordinary duration. By way of
non-limiting example, memory 70 may be implemented by a
programmable Flectronically Erasable Programmable Read
Only Memory (EEPROM), a Complimentary Metal Oxide
Semiconductor (CMOS) memory chip, or a conventional
Random Access Memory (RAM) with an independent power
supply.

As 1llustrated 1n the exemplary architecture arrangement of
FIG. 4A, antenna 62 may be connected to transceiver or tuner
63, which 1n turn 1s connected to a control system 61.
Although transceiver 63 1s illustrated as a single unit 1n FIG.
4 A, a separate transmitter and receiver may also be provided
to provide the functionality of transceiver 63.

Control system 61 may be implemented as a microproces-
sor-based control system and may be programmed to carry
out the various features of the invention. The programming of
control system 61 may be carried out by any suitable combi-
nation or use of software, hardware and/or firmware. Control
system 61 may control the various components of the wireless
handset 42 to permit a user to send and recetve calls and
program the wireless handset. In addition, control system 61
may have access to memory 70, 1n which the MIN and other
programming information 1s stored, for directing operation of
the wireless handset. A more detailed description of the vari-
ous processes and functions of the operating features and
modes of the invention 1s provided below with reference to
the accompanying drawings.

As discussed above, the wireless handset of the present
invention may be a full-featured wireless handset that is
capable of operating within a wireless network (e.g., a cellu-
lar or PCS network) or 1n a direct handset-to-handset com-
munication mode that functions independently of a wireless
network. As such, the wireless handset of the present inven-
tion may be embodied as a full featured wireless handset
capable of making traditional wireless calls and that has the
additional functionality of enabling the handset to place
direct calls to other handsets. Since direct calls do not access
a wireless network, such calls will operate free of the wireless
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network and with little or no airtime charges (1.e., a monthly
service or use charge may be charged to the user by the
provider of the wireless handset). Direct calls that are placed
without access to a network are referred to as “Ifree calls™
herein. According to an aspect of the present invention, the 5
wireless handset may be provided with traditional or conven-
tional wireless features, as well as the specific features and
functionality of the present invention. Generally, the features
of the wireless handset may be classified into the following
categories: Traditional Wireless features; Free Call Control 10
features; Find features; List Maintenance features; Confer-
ence Call features; Short Range Messaging features; and
Accessory-Related features. Each of these features will be
discussed 1n greater detail below.

If the wireless handset 1s embodied to provide Traditional 15
Wireless features and call functionality, then the wireless
handset may be implemented with traditional analog and/or
digital wireless features. Such features may include: Caller
ID; Caller ID Log; Short Message Service (SMS); Auto
Answer; Choice of Alerts; Vibration Alert; Call Mute; Large, 20
Scrollable Speed Dial List; Headset (with microphone acces-
sory); and Computer Connectivity and Control. Any combi-
nation of these features, as well as additional features, may be
embodied 1n the wireless handset to facilitate traditional ana-
log and/or digital wireless connectivity. Of course, as dis- 25
cussed above, 1t 1s possible that the wireless handset be pro-
vided as a special purpose handset with only direct handset-
to-handset functionality. In such a case, the above-described
features may be eliminated or may be modified and provided
to support direct handset communication. 30

As indicated above, calls made 1n a direct handset commu-
nication mode with the wireless handset are referred herein to
as “free calls”, since such calls are made free of the wireless
network and with little or no airtime charges. Free Call Con-
trol features may be provided to enhance the operation of the 35
wireless handset when calls are placed directly from one
handset to another. These features may encompass both call
initiate and call recerve features, and call 1n progress and alert
teatures. Various call iitiate feedback features may also be
provided for Free Call Control. For example, when a user 40
initiates a {ree call with the handset, the status or progress of
the call may be indicated to the user through the use of
predetermined messages and/or 1cons that are displayed on
the handset and/or the generation of predetermined audible
tones that are transmitted to the user through the speaker of 45
the handset. For example, the display of the handset may
indicate the name or ID of the handset to which the call 1s
directed, and one or more icons or messages may be displayed
on the handset to indicate the progress of the call (e.g., on-
hook, off-hook, ringing, etc.). The status and progress of the 50
initiated call may also be indicated to the user through the use
of predetermined audible tones (e.g., dialing, ringing, busy,
etc.). Messages may also be displayed on the handset to
provide feedback to the user as to whether the offered call was
not responded to or recetved by the called party. With such 55
teatures, a user will be better equipped to handle and control
direct handset calls with other users.

As 1ndicated above, the handset of the present invention
may also be provided with various Find features. These fea-
tures may be provided to permit a user to determine all 60
objects, including other handset users, that are within range or
to determine 11 a specific handset or object 1s within range of
the user. As further described below, the handset of the user
may have a prestored find list of other handsets or objects that
can be located with the Find features. A user may be given the 65
option to locate a specific handset or object on the list or to
initiate a general find function such that each of the handsets
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or objects onthe list are queried to determine 11 they are within
range. In order to maintain privacy, each handset or object
may only respond to a query 1f they have the querying handset
on a list and they are 1n range of the user. As a result, only
handsets or objects that have given the querying handset
permission to {ind them will respond to a find query.

The wireless handset of the present mvention may also
include a set of List Maintenance features. These features
may be provided to permit a user to add and delete handsets or
objects to one or more lists stored 1n the handset, such as a
speed dialing list for mmitiating calls, a find list for locating
other handsets or objects, and/or a privacy list for blocking
find queries from specific handsets so that privacy may be
maintained. With the List Maintenance features, a user may
be permitted to add, delete and view each list stored 1n their
handset. In accordance with an aspect of the present inven-
tion, a single list may be stored 1n each handset to function as
a master list for all direct handset calls. In such a case, the
master list may serve as a speed dial list, a find list and a
privacy list. That 1s, the master list serves as a speed dial list
when a direct handset call 1s in1tiated by a user, and also serves
as a querying or {ind list when a find function 1s mnitiated by a
user to locate all handsets or objects, or a specific handset or
object that 1s within range. The List Maintenance features
may also include a memorize feature which permits two
handsets to update their respective master list, find list or
privacy list with the ID of the other handset. The memorize
feature may be activated when handsets are brought 1n close
proximity to each other or their respective antennas are
brought into contact, and users press a predetermined key or
button within a short time window. As further discussed
below, the memorize feature may also permit a user to memo-
rize other objects, such as an accessory or device that 1s
capable of being queried (such as a beeping clip or paging
device) by activating the memorize function on the object 1n
order to automatically add the object to the find list.

Other features that may be provided with the wireless
handset include Conference Call features, Short Range Mes-
saging features, and Accessory-Related features. The Confer-
ence Call features may permit “free call” conferencing
between three handset users. The three-way conferencing
may be enabled through time domain multiplexing and, as
turther described below, may utilize either a fixed controlled
time slot or a variable controlled time slot to permit confer-
encing. The Short Range Messaging features may include
features to permit short range messages to be sent directly
from one handset to another handset when both handsets are
idle or during a controlled time slot 1f the receiving handset 1s
on a call. Further, Accessory-Related features may be pro-
vided to enhance the wireless handset of the present inven-
tion. For example, computer connectivity may be provided to
enable downloading of lists and configuration data. Further,
beeping clips or other paging devices may be provided that
can be attached or secured to items (such as keys, wallets,
tools, etc.) 1n order to facilitate finding those items through
the Find features of the invention.

In order to implement the wireless handset of the present
invention with such functionality, the wireless handset may
be embodied with any suitable combination of hardware,
software, logic and/or programmed code to perform the
required functions. FIG. 5 illustrates a state transition dia-
gram of the functionality that may be embedded in the wire-
less handset to provide direct handset-to-handset communi-
cation and free call capability. The exemplary state transition
diagram of FIG. 5 illustrates the various states and trigger
conditions to transition between each state. As discussed
above, this functionality may be provided in a special purpose
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wireless handset or preferably may be embodied or bundled
with a wireless handset which also has cellular or PCS capa-
bility. A wireless handset having both capabilities would pro-
vide a user with nearly ubiquitous coverage, either handset-
to-handset or via a wireless network. In addition, such a
wireless handset can also share circuitry to reduce costs over
having two separate wireless handsets. For example, the
handset-to-handset communication capability can use the
same 10 Kbps data circuitry used 1n conventional analog
cellular phones. The same voice processing circuitry could
also be used, as well as the same housing, keypad, display,
antenna, microphone, speaker, etc. by both functions.

Referring to FIG. 5, when the wireless handset 1s powered
or turned ON, the wireless handset may 1nitialize and enter an
Idle state. When 1n an Idle state, the wireless handset 1s
waiting for a call. Calls may be placed 1n a direct handset-to-
handset communication mode by dialing the assigned direc-
tory or telephone number of the handset. If a wireless handset
1s provided with dual functionality, the telephone number of
the analog or digital handset (i.e., the MIN) may be the same
number used for placing free calls to the wireless handset in a
direct communication mode. In a direct communication
mode, tull duplex handset-to-handset call setup and call states
are provided using frequency domain duplexing. In an Idle
state, the receiver of the wireless handset may monitor a
higher range of the duplex band to search for pages directed to
its internally stored directory number or MIN. Free calls may
be set up and handled over a non-cellular or unlicensed band.
For example, direct handset-to-handset communication may
be provided by utilizing a non-cellular, unlicensed band such
as the 930 MHZ Industrial, Scientific and Medical band that
1s authorized under Part 15 of the FCC Rules.

As further discussed below with reference to FIGS. 6 A-6E,
when a wireless handset 1s 1n an Idle state, the receiver of the
handset may scan a predetermined set of frequencies (1.e.,
f.sub.1, f.sub.2, ... I.sub.N). When the receiver or transcerver
of the wireless handset tunes to a frequency, the handset may
dwell long enough to measure the signal strength, obtain
synchronization and decode a paging message, if available. If
the signal strength 1s below a set threshold, or if no message
1s being sent, or a paging message directed to a different
mobile station or wireless handset 1s decoded, the wireless
handset may tune to the next frequency and repeat the pro-
cess. If a paging message directed to the wireless handset 1s
decoded, then the responding handset may send a page
response on a lower range of the duplex band corresponding
to the frequency to which the recerver 1s tuned. While paging,
the originating wireless handset receiver listens for a page
response on the lower associated duplex frequency (Paging,
state 1n F1G. 5). I the receiver decodes the response without
error, then the wireless handset will switch to a voice mode on
the same duplex frequency pair and enter a Conversation
state. This 1s 1llustrated 1n FIG. 5 by condition T (page received
and user answers). I the page response 1s not decoded after a
predetermined number of attempts (1.e., M page attempts),
the originating handset may provide a reorder alert (e.g., a
reorder tone 1n the speaker or earpiece) and not enter into a
Conversation state. “M” may be selected to ensure that a
handset 1n the Idle mode will scan and decode the frequency
at least once. Under this condition, the originating wireless
handset which sent the paging message will return to an Idle
state from a Paging state. This transition is illustrated in FIG.
5 by condition ¢ (no page response recerved). In an Idle state,
the paged wireless handset may respond a predetermined
number of times (e.g., L times) when paged by an originating,
wireless handset. “L.”” may be greater than one to increase the
reliability that the message will be recerved without errors.
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The paged wireless handset will then switch to a voice mode
and enter a Conversation state when the user indicates that the
call should be answered (1.e., a user may press an answer key
to 1ndicate that the call should be recetved). This transition 1s
indicated 1 FIG. 5 by condition 1 (page received and user
answers). Otherwise, if the user does not answer, the paged
wireless handset will eventually time out and stay 1n an Idle
state.

FIGS. 6 A-6F are exemplary flowcharts of the various pro-
cesses and operations that may be performed by a wireless
handset of the invention when operating 1n an Idle state and
responding to various messages from other handsets. Accord-
ing to an aspect of the present invention, N frequency pairs
may be assigned to the wireless handset. The higher fre-
quency associated with the duplex channel *“17 1

1s designated
as F.sub.hi. Further, 1n the illustrated embodiment, the lower
frequency 1s designated as F.sub.l1. Essentially, up to N simul-
taneous calls can be supported assuming adequate adjacent
channel selectively 1n the wireless handsets. FIG. 6A 1llus-
trates a sequential scan of the N channels. Alternative
arrangements, however, may be provided. For example, a
quick search based on signal strength could be implemented.
In such a case, only channels exceeding a predetermined or
programmed signal strength threshold would be evaluated for
synchronization and paging messages. Further, the signal
strength ranking would be updated periodically.

In the exemplary embodiment of FIG. 6 A, when a wireless
handset enters an Idle state, the receiver of the wireless hand-
set 1s switched to a predetermined higher band of the duplex
pass band (see step S.2). Further, at step S.2, the transmitter 1s
switched to a predetermined lower band of the duplex pass
band. Thereafter, at step S.4, a counter11s setto 1. Atstep S.6,
the receiver of the wireless handset 1s tuned to the high fre-
quency F.sub.hi. After tuning the receiver to the frequency
F.sub.hi, the handset waits for a synchronization signal.

At step S.8, 1t 1s determined whether a synchronizing signal
1s recerved. IT synchronization 1s received, then logic flow
proceeds to step S.12. Otherwise, at step S.10, the counter 11s
modified according to the following formula:

i=(i+1)mod M.

Following step S.10, logic flow returns to step S.6, where
the receiver of the handset 1s returned to the next high fre-
quency F.sub.hi.

At step S.12, the wireless handset determines whether a
page message has been received. If a page message 1s not
received within a predetermined period of time, then logic
flow proceeds to step S.16, where the handset determines
whether another type of message has been recerved. Other-
wise, at step S.14, the called party directory number DNr 1s
decoded by the recerver based on the page message that 1s
received and 1t 1s determined whether the directory number
DNp stored 1n the wireless handset 1s the same as or corre-
sponds to the called party directory number DNr.

I1 1t 1s determined at step S.14 that DNr=DNp, then at step
S.1600 (see FIG. 6B) the transmitter of the wireless handset1s
tuned to the lower frequency F.sub.li. Otherwise, logic tlows
backto step S.10, so that 11s modified and the receiver 1s tuned
to a different high frequency.

As shown 1n FIG. 6B, following step S.1600, the receiving
wireless handset sends a page response message at step
S.1618. In accordance with an aspect of the present invention,
the page response message may be sent back to the originat-
ing wireless handsetrepetitively to ensure receipt of the same.
For this purpose, the page response message may be sent a
predetermined number of times (e.g., L times). Thereafter at
step S5.1620, the receiving wireless handset may activate an
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alerter of the recerving handset so as to provide an alert
indication to the user of the incoming call. The alert indication
provided by the alerter may comprise an alerting signal or
tone (such as a ringing signal or tone) or activation of a
vibration mechanism to cause the wireless handset to vibrate.
Other alerting indications may be provided and may be acti-
vated by the user.

As further shown in FIG. 6B, at step S.1622, the wireless
handset determines whether the user has indicated to answer
the incoming call 1n response to the generation of the alert
indication. In accordance with an aspect of the present mnven-
tion, the user may be given a predetermined amount of time
(1.e., T.sub.alert seconds) to respond to and to indicate
whether a call should be answered. If the wireless handset
user indicates to answer the call within the predetermined
time (e.g., by pressing an answer or talk button on the wireless
handset), the wireless handset may switch to a voice mode at
step S.1624 and enter into a Conversation state to provide full
duplex communication between the wireless handsets. Oth-
erwise, at step S.1626, the wireless handset may display an
indication to the wireless handset user that the call was
recerved but not answered and, thereafter, enter into an Idle
state.

Referring again to FIG. 6A, 11 1t 1s determined that a page
message was not recerved at step S.12, then at step S.16 the
handset will determine whether a find message has been
recetved from another handset. As disclosed herein, the wire-
less handsets of the present mmvention may include a find
feature that permits a handset to locate objects, including
other wireless handsets, that are within range. If a find mes-
sage has been recerved at step S.16, then logic flow proceeds
to step S.18. Otherwise, 1f a find message has not been
received at step S.16, the handset proceeds to step S.20 to
determine if another type of message has been received.

At step S.18, the called party directory number DNr 1s
decoded by the recerver of the handset based on the find
message that 1s received and 1t 1s determined whether the
directory number DNp stored in the wireless handset 1s the
same as or corresponds to the called party directory number
DNr. If 1t 1s determined at step S.18 that DNr=DNp, then at
step S.1630 (see FI1G. 6C) the wireless handset will determine
whether the requesting handset that sent the find message 1s
on its Find list. Otherwise, logic flows back to step S.10, so
that 1 1s modified and the receiver 1s tuned to a different high
frequency.

As 1llustrated 1n FIG. 6C, at step S.1630 1t 1s determined
whether the requesting DN 1s on the Find list of the handset.
The determination at step S.1630 may be made by comparing
the directory number DN or ID of the requesting handset
provided in the find message that was received with the
entries 1n the Find list of the wireless handset. As further
described below, this determination may be made 1n order to
maintain privacy and limit the find capability to only autho-
rized handset users. If the requesting DN 1s on the Find list,
then at step S.1632 the transmitter of the wireless handset 1s
tuned to the lower frequency F.sub.li. Otherwise, the find
request may be 1gnored and the handset may enter back into
the Idle state following step S.1630.

After tuning the transmitter at step S.1632, the receiving
wireless handset sends a found response message to the
requesting handset at step S.1634. In accordance with an
aspect of the present mvention, the found response message
may be sent back to the requesting wireless handset repeti-
tively to ensure receipt of the same. For this purpose, the
found response message may be sent a predetermined number
of times (e.g., L times). Thereaftter, at step S.1636, the receiv-
ing wireless handset may activate a found alerter of the
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receiving handset so as to provide an alert indication to the
user of the find request. The alert indication provided by the
alerter may comprise an alerting signal or tone (such as a
ringing signal or tone) and/or a message that 1s displayed on
the handset. In addition, at step S.1638, the receiving handset
may update a Found list so as to indicate that the requesting
handset 1s within range. Following step 5.1638, the wireless
handset may enter an Idle state.

Referring once again to FIG. 6A, 11 it 1s determined that a
find message was not recerved at step S.16, then at step S.18
the handset will determine whether a memorize message has
been recetved from another handset. As disclosed herein, the
wireless handsets of the present invention may include a
memorize feature that permits handsets to exchange handset
information, including handset DN or ID, and corresponding
name. I a memorize message has been recetved at step S.20,
then logic tlow proceeds to step S.22. Otherwise, 1f a memo-
rize message has not been recerved at step S.20, the handset
proceeds to step S.24 to determune if another type of message
has been received.

At step S.22, the called party directory number DNr is
decoded by the recerver of the handset based on the memorize
message that 1s received and 1t 1s determined whether the
directory number DNp stored in the wireless handset 1s the

same as or corresponds to the called party directory number
DNr. I 1t 1s determined at step S.22 that DNr=DNp, then at

step S.1640 (see FIG. 6D) the wireless handset will set the
value of a timer 1 to zero. Otherwise, logic flows back to step
S.10, so that 1 1s modified and the receiver 1s tuned to a
different high frequency.

As illustrated in FI1G. 6D, at step S.1640 the value of a timer
1 1s 1nitialized and set to zero. Thereafter, the handset deter-
mines at step S.1642 whether the user has responded by
pressing an appropriate key or button on the handset (e.g., a
memorize key) so as to activate the memorize feature. In
accordance with an embodiment of the memorize feature
described herein, the memorize feature must be activated by
both handsets within a predetermined time window to permit
the exchange of information to occur. If the memorize feature
1s not activated at step S.1642, then the handset will increment
the timer 1 by one at step S.1644 and determine at step S.1646
whether the value of the timer 1 1s greater than or equal to a
predetermined time limait 1.sub.max. If the value of the timer
1.sub.max, 1s less than 1.sub.max, then logic flow loops back to
step S.1642 to again determine whether the memorize feature
has been activated. Otherwise, 1f the timer 1 1s not less than
1.sub.max, then the time limit for activating the memorize
feature has been exceeded and the memorize request is
ignored, with the handset entering the Idle state.

I1 the user responds and activates the memorize feature at
step S.1642, then at step S.1648 the transmutter of the wireless
handset 1s tuned to the lower frequency F.sub.l1. Further, after
tuning the transmitter at step S.1648, the wireless handset
sends a memorize response message to the requesting handset
at step S.1650. In accordance with an aspect of the present
invention, the response message may be sent back to the
requesting wireless handset repetitively to ensure receipt of
the same. For this purpose, the memorize response message
may be sent a predetermined number of times (e.g., L times).
Thereatter, at step. S.1652, the receving wireless handset
may activate a memorize success alerter so as to provide an
indication to the user of that the memorize feature has been
invoked with the requesting handset. The alert indication
provided by the alerter may comprise an alerting signal or
tone (such as a ringing signal or tone) and/or a message that 1s
displayed on the handset. Following the successiul exchange
handset information, at step S.1654 the handset may update
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the speed dial and/or find lists of the handset with the handset
information of the handset that sent the memory request.
Following step S.1654, the wireless handset may enter an Idle
state.

As shown 1n FIG. 6A, 11 1t 1s determined that a memorize
message was not received at step. S.20, then at step S.24 the
handset will determine whether a short range message has
been received from another handset. As disclosed herein, the
wireless handsets of the present invention may include a short
range messaging feature that permits handsets to send and
receive short range messages. If a short range message has
been recetved at step S.24, then logic flow proceeds to step
S.21. Otherwise, i a memorize message has not been
received at step S.24, logic flow loops back to step S.10, so
that 1 1s modified and the receiver 1s tuned to a different high
frequency.

At step S.26, the called party directory number DNr 1s
decoded by the receiver of the handset based on the short
range message that 1s received and it 1s determined whether
the directory number DNp stored in the wireless handset 1s the
same as or corresponds to the called party directory number
DNr. If 1t 1s determined at step S.26 that DNr-DNp, then at
step S.1660 (see FIG. 6E) the wireless handset will tune the
transmitter of the handset to the lower frequency F.sub.li.
Otherwise, logic flows back to step S.10, so that 11s modified
and the recerver 1s tuned to a different high frequency.

At step S.1660, the transmitter of the wireless handset 1s
tuned to the lower frequency F.sub.li. As 1illustrated 1n FIG.
6F, after tuning the transmitter at step. S.1660, the wireless
handset sends a short range message response message to the
transmitting handset at step S.1662 to confirm receipt of the
short range message. In accordance with an aspect of the
present mnvention, the response message may be sent back to
the originating wireless handset repetitively to ensure receipt
of the same. For this purpose, the short range message
response message may be sent a predetermined number of
times (e.g., L times). Thereaftter, at step S.1664, the recerving,
wireless handset may activate an alerter so as to provide an
indication to the user of that a short range message has been
received. The alert indication provided by the alerter may
comprise an alerting signal or tone (such as a ringing signal or
tone) and/or a message (e.g., “Short Range Message
Received”) that 1s displayed on the handset. Following step
S.1664, the handset may decode the short range message at
step S.1668 and, display and/or store the decoded message
with the handset. The decision to display or store the message
may be optional and/or controlled by the user. Following step
S.1668, the wireless handset may enter an Idle state.

As 1llustrated 1n FIG. 5, the wireless handset will transition
between an Idle state and a Conversation state under condi-
tion 1; that 1s, when a page message 1s received and the user
answers, the wireless handset will transition from an Idle state
to a Conversation state. In a Conversation state, the wireless
handset will operate 1n a voice mode to provide full duplex
communication between the wireless handsets. The wireless
handset may return to an Idle state under various conditions.
For example, as further illustrated in FIG. 5, the wireless
handset will return to an Idle state from a Conversation state
under condition d (when the user indicates that the call 1s to be
ended by pressing, for example, an end key). A transition
from a Conversation state to an Idle state may also occur
where a supervisory signal 1s lost (this 1s indicated by condi-
tion ¢ 1n FIG. 5).

When an oniginating wireless handset iitiates a call, the
originating wireless handset will transition from an Idle state
to a Paging state. The transition from an Idle state to the
Paging state occurs under condition a, when a user indicates
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to 1itiate or start a free call by pressing a send or free key on
the wireless handset. In the Paging state, the wireless handset
essentially functions in a state where 1t pages another wireless
handset based on the directory number or telephone number
entered by the user. Normally, the Paging state 1s entered from
the Idle state according to the conditions described above.
More specifically, the trigger to enter the Paging state 1s when
a valid handset or object 1s chosen and the approprniate key
(such as a send button or free call button) 1s pressed by the
user. As illustrated in FIG. §, the wireless handset may tran-
sition back to the Idle state under various conditions. Condi-
tion b and condition ¢ 1n FIG. 5 1llustrate two such examples.
In condition b, the wireless handset will transition from the
Paging state to the Idle state when the called party does not
answer the call request. Additionally, the transition from the
Paging state to the Idle state will occur under condition c,
when no page response has been received by the originating
wireless handset. If a page 1s successtully recerved and the
call request 1s answered by the called party, then the wireless
handset will transition from a Paging state to the Conversation
state. This condition 1s depicted 1n FIG. 5 by condition h (1.e.,
page response recerved and called party answers).

As described above, 1n a Paging state, the wireless handset
pages another wireless handset with the appropriate directory
number or phone number. FIGS. 7A and 7B illustrate an
exemplary tlowchart of the various processes and operations
that may be carried out during a Paging state. Generally, 1n a
Paging state, the wireless handset swaps the transmit and
receive frequencies so that other wireless handsets in an Idle
state can listen for pages. If a page 1s responded to and the
called party enters the Conversation state, the call 1s set up.

Prior to selecting a channel, the wireless handset may
check the channel for possible interference based on, for
example, signal strength. The exemplary flowchart of FIGS.
7A and 7B 1llustrate that such checks may be made until a
channel 1s located that has a signal strength less than or equal
to a predetermined threshold level, THR.sub.rss1. As an addi-
tional measure, the wireless handset may be configured such
that 1t will terminate analysis of channels for signal strength
alter a predetermined period of time and provide a warning
tone to the user to indicate that no channels are available.

More particularly, as 1llustrated 1n FIG. 7A, when entering,
a Paging state, a wireless handset will first prepare or gather
the handset phone number at step S.30. The called party digits
may correspond to the directory or phone number of the
wireless handset of the called party. At step S.32, the wireless
handset will then switch the recerver to the lower frequency
band of the duplex pass band and will switch the transmaitter
to the higher frequency band. At step S.34, the handset will
initialize a counter1to 1. Then, at step S.36, the recerver of the
handset will be set to the low frequency F.sub.li and the
transmitter will be tuned to the higher frequency F.sub.hi.

After tuning the receiver and transmitter, the wireless
handset will determine at step S.38 whether there 1s interfer-
ence 1n the channel. Interference may be analyzed by deter-
mining whether the signal strength of the channel i1s not
greater than a predetermined threshold. For example, at step
S.38, the wireless handset may determine whether the
received signal strength of the channel 1s less than or equal to
a threshold level THR.sub.rss1. If it 1s not, then at step S.40,
the count 1 may be modified according to the following equa-
tion:

i=(i+1)mod N

After11s reset, logic flow proceeds back to step S.36 so that
another channel 1s tuned to and analyzed for interference.
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If the signal strength of the channel 1s determined to be
appropriate, then at step S.42 a counter m 1s 1nitialized and set
to 0. Thereatfter at step S.44 (see FIG. 7B), a synchromization
signal 1s sent by the wireless handset, as well as a paging
message at step S.46. The paging message may contain the
directory phone number of the called party, as well as the
calling party name or number for caller ID purposes. If caller
ID 1s not equipped 1n the system, then sending of the calling
party name and number 1s not necessary in or processed from
the paging message.

At step S.48, 1t 1s determined whether a page response
message has been received indicating that the called party’s
wireless handset 1s within range. If no page response message
1s rece1ved, then at step S.50 the counter m 1s incremented by
one and at step S.52 it 1s determined whether m has exceeded
a predetermined limit L. If m 1s less than or equal to the
predetermined limit L, then logic flow proceeds back to step
S.44 so that a synchronizing signal and the paging message
may be resent. Otherwise, at step S.54, a reorder indication 1s
provided to the user to indicate that the call request was
unsuccessiul and that the call request should be placed at
another time. Following step S.54, the wireless handset tran-
sitions from the Paging state back to the Idle state.

As 1llustrated 1n FIG. 7B, 1f a page response message 1s
received at step S.48, then at step S.56, a ring back tone or
another form of signal 1s provided to the user to indicate that
the call request was recerved. In accordance with conven-
tional wireless handsets, the ring back tone may be an audible
tone that 1s provided at the earpiece of the speaker of the
wireless handset.

At step S.58, the originating mobile station determines
whether the called party has answered within a predetermined
amount of time. For example, a predetermined amount of
time (designated as T.sub.alert seconds in FIG. 7B) may be
designated to permit the called party to answer within a cer-
tain number of seconds (for example, 20-30 seconds). If 1t 1s
determined at step S.58 that the called party has not answered
within the predetermined period, then the originating phone
may return to an Idle state. Otherwise, if the called party
answers within the predetermined time, then the phone may
enter 1nto a Conversation state to permit full duplex voice
communication to be carried out between the parties.

FIG. 8 illustrates an exemplary flowchart of the various
processes and operations that may be carried out by a mobile
station when 1t 1s 1n a Conversation state. As indicated i FIG.
5, the mobile handset may transition nto the Conversation
state from either an Idle state (under condition 1) or from a
Paging state (under condition h). A transition from an Idle
state to a Conversation state will occur under condition f,
when a page has been recerved and the user answers. A
transition from a Paging state to a Conversation state will
occur under condition h, when a page response 1s recerved and
the called party answers. Therefore, both the originating and
answering mobile station may enter into a Conversation state.
The originating handset may transmit on a frequency that the
answering mobile station 1s tuned to recerve and vice versa, 1n
accordance with the previous descriptions.

At step S.60, the wireless handset that has entered into a
conversation state switches circuitry to transmit and receive
voice communication signals. Thereafter, at step S.62, a
supervisory signal 1s sent. The supervisory signal may be
based on the supervisory audio tone (SAT) encoding/decod-
ing circuitry employed by cellular phones. At step S.64, the
mobile station then 1nitializes a counter t.sub.s to 0. Thereat-
ter, the supervisory signal 1s decoded at step S.66.

At step S.68, the mobile station determines whether the
supervisory signal 1s still present. It the supervisory signal 1s
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still present, then the received audio 1s unmuted at the hand-
set’s earpiece at step S.69 and the mobile handset determines
whether an end key 1s pressed by the user to indicate end of the
conversation at step S.78. I the end key 1s pressed by the user
or another appropriate key 1s pressed by the user to indicate
end of the conversation or call, then at step S.80 the handset
switches back to the data circuitry and stops sending the
supervisory signal. Subsequent to step S.80, the mobile hand-
set returns to the Idle state. If, at step S.78, 1t 1s determined that
the end key has not been pressed by the user, then logic flow
proceeds back to step S.64 where the counter t.sub.s 1s 1ni-
tialized to 0 once again.

I, at step S.68, 1t 1s determined that the supervisory signal
1s not present, then at step S.70 the recerved audio 1s muted at
the handset’s earpiece and at step S.72 t.sub.s 1s incremented
by 1. Thereafter, at step S.74, i1t 1s determined whether a
corrupted signal 1s received for a time period that exceeds a
predetermined interval or time. That 1s, at step S.74, 1t 1s
determined whether t.sub.s 1s greater than or equal to the
maximum interval or time T.sub.Hi. Ift.sub.s 1s greater than or
equal to T.sub.Hi then at step S.76 a reorder indicator or tone
1s provided to the user to indicate that the signal has been lost.
Thereaftter, at step S.80, the mobile station switches back to
the data circuitry and stops sending the supervisory signal.
This permits the wireless handset to transition back to the Idle
state.

If, however, at step S.74 1t 1s determined that t.sub.s 1s not
greater than or equal to T.sub.Hi, then logic flow proceeds
back to step S.66 where the wireless handset attempts to
decode the supervisory signal. Thereatter, the mobile station
determines whether the supervisory signal 1s present at step
S.68 and, if so, then the Conversation state proceeds as nor-
mal (see step S.78). I, however, the supervisory signal 1s still
not located, then the recerved audio 1s muted at step S.70 and
the counter t.sub.s i1s incremented agaimn by 1. (see, for
example, step S.72). The logic tlow then proceeds as dis-
cussed above.

In the Conversation state, the mobile station operates on the
same frequencies being used prior to entering the Conversa-
tion state. The modulating circuitry of the mobile station 1s
switched from the data mode to voice mode so that normal
voice-band information 1s transmitted. A supervisory signal
that 1s easily filtered out of the audio information 1s also
transmitted to indicate when the link 1s active or broken. As
discussed above, one example of a supervisory tone or signal
that may be used by the mobile station 1s the SAT (supervisory
audio tone) that 1s used 1n analog cellular phones. Another
supervisory signal that may be utilized 1s the sub-audible data
stream used 1n narrow band AMPS (IS-91). If the supervisory
tone 1s corrupted for a prolonged period of time (1.€., a period
of time greater than or equal to T.sub.Hi) then 1t 1s assumed
that the communication path has been lost. In this case, a
reorder indication 1n the form of, for example, an audible
and/or visual indication, 1s provided to the user to warn of the
situation and the lost communication path. As discussed
above with respect to FIG. 8, when the Conversation state 1s
terminated or ended, the data circuitry of the mobile station 1s
switched back in and the mobile station returns to the Idle
state.

As turther shown 1n FIG. 5, the mobile station may transi-
tion from the Conversation state to the Idle state under differ-
ent conditions. That 1s, under condition d, the mobile station
will transition from the Conversation state to the Idle state
when the end key 1s pressed by the user to indicate that the
conversation has ended. This condition 1s tested at step S.78 1n
FIG. 8. The mobile handset will also transition from the
Conversation state to the Idle state when the supervisory
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signal 1s lost, as indicated by condition ¢ in FIG. 5. The testing
of the supervisory signal 1s performed at steps S.68-5.74 1n
FIG. 8. After entering the Idle state, the mobile station may
reenter the Paging state or the Conversation state depending
on the operational mode or state of the mobile station. In
addition, the mobile station may enter into other feature states
depending on the manner 1n which the mobile station 1s con-
trolled or operated by the user.

That1s, when the phone1s in the Idle state, as shown in FIG.
5, the mobile station may transition to one or more feature
states under various conditions. In the exemplary state dia-
gram of FIG. 5, condition 1 1s provided to represent the con-

dition where a user selects an additional function or state of
the wireless handset. These features, including the Tradi-
tional Wireless features, Free Call Control features, Find
features, List Maintenance features, Conference Call features
and other features to be described hereimafter, may be selected
by the user to perform various functions. Under such condi-
tions, the handset will enter one of the feature states to permit
various functions to be carried out under the command of the
user. In FIG. §, three exemplary feature states are shown for
purposes of illustration. The 1llustrated feature states include
a Find Request state, a Memorize Request state, and a Short
Range Message state. Aspects and exemplary embodiments
ol these features are further described below with reference to
FIGS. 39-41. The Find Request state, the Memorize Request
state, and the Short Range Message state may be entered into
from the Idle state when the user selects or activates one of
these features, as represented by conditions 1, 1 and n in FIG.
5, respectively. Termination of the feature states and transi-
tion back to the Idle state will occur when the feature or
function 1s completed under normal conditions or when 1t 1s
terminated by the user (e.g., when the user indicates to exit or
end the function or mode). In FIG. 5, this 1s represented by
conditions k, m and o for the Find Request state, the Memo-
rize Request state, and the Short Range Message state,
respectively, and by condition g for the other feature state(s)
that may be provided in the handset.

One of the feature states that may be selected by the user 1s
a feature state for Traditional Wireless features, which may
include all of the features and functions required of and
included 1n analog or digital wireless handsets. The set of
features that are provided in the wireless handset may, of
course, vary depending upon the needs of the handset user.
With such features, the handset may be permitted to operate 1in
accordance with traditional analog or digital wireless com-
munication protocols, or a more enhanced wireless handset
may be provided that 1s capable of operating 1n both analog,
and digital wireless networks. As described above, the set of
teatures provided as part of the Traditional Wireless features
tor the handset may 1nclude: Caller ID; Caller ID Log; Short
Message Service (SMS); Auto Answer; Choice of Alerts;
Vibration Alert; Call Mute; and Large, Scrollable Speed Dhal
List. Other features may be provided including Computer
Connectivity and Control, and Headset (with microphone
accessory). Any combination of these features may be
embodied 1n the wireless handset to facilitate traditional ana-
log and/or digital wireless connectivity. It 1s also possible that
the wireless handset of the invention be provided as a special
purpose handset with only direct handset-to-handset func-
tionality, in which case the above-noted features may be
climinated or modified and provided to support direct handset
communication. Similar features or overlapping features may
also be provided for free call control and other general fea-
tures for direct handset-to-handset communication, as further
described below.
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When placing a free call, the wireless handset does not use
a cellular or digital network. Instead, such calls are placed
directly from one handset to another, as 1llustrated 1n FIG. 3.
Free Call Control features may be provided to enhance and
control the operation of the wireless handset 1n connection
with direct handset communication. One or more of these
teatures could also be utilized 1n connection with a handset
operating through Free Call Control features that may encom-
pass both call mitiate and call recerve features, as well as
various call imnitiate feedback features. Table 1 illustrates an
exemplary set of call recetve features that may be imple-
mented with the wireless handset. Further, Table 2 1llustrates
an exemplary set of call initiate features, and Table 3 1llus-
trates an exemplary set of call initiate feedback features that
may also be provided. Depending on the needs of the user,
these features may be modified or only various combinations
of these features may be provided.

TABLE 1
CALL RECEIVE FEATURES

Call

Intitiate

Features  Description

Call All calls can be accepted by presenting a predefined key (e.g.,

Accep- RCV or TALK) or by pressing almost any key on the

tance handset, with the exception of main function keys (e.g., END,
PWR).

Auto All calls will be automatically answered by the wireless

Answer handset

Caller ID  The name and number (ID) of the originator of the call will
appear on the display of the receirving handset.

Call The user will be alerted that another call has been recerved

Waiting while the user is using the handset. The alerting signal (e.g.,
visual or audible) may be selected by the user. The user will
also be able to switch over to the other call and then back to
the original call.

Call Mute The call alerting signal for the incoming calls will be muted
without notifying the originator that the recerver’s handset 1s
not providing an alerting signal.

Call The alerting signal for an incoming call 1s muted and the

Reject originator of Message the call 1s notified via a short message

With that the call was not accepted. The message may be user

Message  defined or multiple predefined messages may be selected.

Network  The mncoming call 1s rejected with a short message sent to the

Voice Message originator indicating the number of the network

Mail voice mail which the originator can call by pressing a key

Message  (e.g., SEND or TALK) on their handset.

TABLE 2
CALL INITIATE FEATURES

Call

Recerve

Features  Description

FREE A FREE call can be initiated by entering the number of the

Button recipient and pressing a key (e.g., a FREE key) of the
handset. A traditional wireless call using the network may be
initiated by using a separate key (e.g., a SEND key).

Auto The handset will redial a call to another handset (that 1s

FREE initially out of range) until that handset comes into range, or

Redial for a specified period of time, or until the user cancels this
feature.

Speed The speed dial list can be scrolled through using arrow keys

Dial List  on the handset. When an entry is highlighted, the user can
press the FREE key to place a direct handset-to-handset call.
For traditional wireless network calls, a separate speed dial
list may be maintained or such a list may be integrated with
the speed dial list for free calls.

Speed By typing the first characters of names, the user may quickly

Dial List  navigate the speed dial list by having the list jump and
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TABLE 2-continued

CALL INITIATE FEATURES

Call

Recelve

Features  Description

Spell-Out  display, in alphabetical order, those names 1n the list

beginning with the typed characters.

Found The Found list is a list of users who have compatible wireless

List handsets that are within range to enable free calls. The list

can be scrolled through using the arrow keys on the handset
and a call can be placed to a user highlighted on the list by
pressing the FREE key.

Emergen- When activated, this feature will place a call to the closest

cy Call handsets automatically to alert those people of an emergency.

TABLE 3
CALL INITIATE FEEDBACK FEATURES

Call Initiate

Feedback

Features Description

Unavailable A message (e.g., “Unavailable™) will be displayed on
the screen of the call originator handset 1f the call
receive handset 1s out of range or 1s turned off. The
option to simply hit a key (e.g., SEND) and place the
call using the wireless network will then be given.

Ringing A ringing tone will be heard in the earpiece of the
call originating handset if the call receive handset 1s
in range and can accept the call. The call will
continue to ring until it 1s answered or until the call
originator ends the call or until a predetermined timer
expires. The ringing tone for a free call may have a
different sound then the ringing associated with a
traditional wireless connection.

Busy A busy signal will be heard in the earpiece of the call
originating handset if the call receive handset cannot
accept the call because 1t 1s 1n use.

Call Reject A message that the call was not accepted will be

Message presented on the handset display if the Call Reject

With Message was used by the call receive handset.
An alert will be heard in the earpiece of the call
originating handset to signal that the message 1s on
the display.

In addition to the above-noted features, other features may
be provided to facilitate use and operation of the wireless
handset. For example, a set of Call In Progress features may
be provided for supporting free or direct handset-to-handset
calls. Such features may include a signal strength or distance
indicator which will display the strength of the free call dur-
ing the progress of the call, so as to provide to the user an
approximate indication of signal strength or distance. Strong
signals may 1ndicate that the two handsets are close together
physically, while weak signals may indicate that the two
handsets are far apart physically. In addition, a very weak
signal alert may be provided, 1n the form of a beep emitted
from both handsets, to indicate that the signal 1s very weak
and may be dropped. Such an alert may be accompanied by an
option to reconnect the call using the wireless network by
pressing the SEND key. Other features that may be accessible
during call progress may include: Call Waiting; Memorize;
Spontaneous Conferencing; and Short Range Message (in-
cluding the alerting and retrieval of messages).

As indicated above, the wireless handset of the present
invention may be mmplemented with Find features which
enable the user to determine which handsets or users are
within range for placing a free call. The Find features may
include a Find list that 1s stored in the handset. The Find list
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may comprise a list of objects (including other wireless hand-
sets and items with paging devices or beeping clips) that the
handset user wants to find. As further discussed below, the
objects on the Find list may be grouped or categorized.

For privacy reasons, when performing a Find request, the
user ol the requesting handset will not be able to detect 1t
another handset 1s within range unless that other handset 1s on
the Find list of the requesting handset and the requesting
handset 1s on the Find list of the other handset. Should a
handset receive a Find request where the requesting handset 1s
not on 1ts Find list, a message may be displayed to the receiv-
ing handset’s user asking if the user wishes to add the origi-
nating handset to their Find list. If the user accepts, then they
will be “found™ at that moment and the originating handset
will be added to the receiver’s Find list, as well as the rece1v-
er’s Speed Daal List, 11 separate. If the user does not respond
to a Find query or message, the message may be kept as a
short range message and the user can respond or delete the
message 1n the future, as desired. Should the recerving hand-
set’s user decline, this message will not be displayed again
upon subsequent requests from that originating handset. In
this case, if the originating handset 1s ever 1n future added to
the recerving handset’s list and then deleted, the message will
be displayed 1t that Find request is received again from the
handset.

In order to perform a Find request, the wireless handset
may be equipped with a FIND button or key. When pressed,
this button may return a list of objects (including other wire-
less handsets) that are on the Find list and that are within
range to perform (if possible) a free call. This list, which 1s
returned after performing a Find request, 1s referred to herein
as the Found list. The Found list may display the signal
strength of each object that 1s within range. If the FIND button
1s pressed by the user with an object or a group highlighted on
the Speed Dial List or the Find list, then the handset will only
search for that specific object or objects 1n that group and
return the results 1n the Found list. With the Find request
teature of the present invention, which 1s further described
below with reference to the accompanying figures, a Find
request may take no longer than approximately four seconds
to determine 11 twenty objects are within range.

In accordance with an aspect of the present mnvention, a
user may wish to configure their handset to automatically
perform a Find request at preset or predetermined intervals.
For this purpose, the Find features may include Auto Find and
Auto Find Object features which permit a Find request to be
performed at preset intervals. These options may be selec-
tively turned ON or OFF by the user. With Auto Find, the
wireless handset will automatically perform a Find request at
preset intervals and update the Found list. Additional options
may be provided to inform the user when there 1s a change to
the Found List through a beeping tone, vibration, a ringing
tone, or a change on the display. The Auto Find feature may be
interruptible to permit a user to make or receive a call or short
message. With Auto Find Object, the user may select a spe-
cific object on the list and automatically perform a find
request at preset intervals that will alert the user 11 that par-
ticular object has recently come into range. An additional
option will permit the user to be automatically alerted i1 that
object has recently gone out of range. The Auto Find Object
feature may also be interruptible to permit a user to make or
receive a call or short message.

As discussed above, the wireless handset of the present
invention may perform a general Find request whereby all
objects on the user’s Find list are queried or the handset may
perform a specific object Find request whereby a specific
object or group of objects highlighted on the Find list by the
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user 1s queried to determine 1f they are within range. Various
techniques may be utilized for implementing the general find
and specific object find features of the present invention. For
example, all handsets may be equipped with a separate or
dedicated tuner which 1s always on a dedicated channel or sets
of channels to perform Find requests. In the alternative, each
handset may register on a control channel at predetermined
intervals when the handset 1s 1dle or when the handset 1s on a
call. In such a case, a separate tuner may not be provided. In
accordance with another embodiment, the handset requesting
a Find may transition from an Idle state to a Find Request
state, as shown 1n FIG. 5. While 1n the Find Request state, the
requesting handset may utilize a technique similar to the
Paging state to indicate the objects that are being queried. The
queried objects may check for Find messages while in the Idle
state. In this state, a procedure similar to; that 1llustrated 1n
FIGS. 6 A-6B may be used to indicate that 1t 1s within range.
Other embodiments and variations are also possible.

FIGS. 39A and 39B illustrate exemplary flowcharts of the
various processes and operations 1 a Find Request state,
according to an aspect of the invention. As illustrated in FIG.
5, when 1mtiating a Find request to locate an object, the
wireless handset will transition from an Idle state to a Find
Request state. The transition from an Idle state to the Find
Request state occurs under condition 1, when a user indicates
to 1nitiate or start a Find request to locate a specified object
(c.g., another wireless handset) by pressing an appropriate
key or button on the wireless handset. If the user wishes to
determine 11 a specific wireless handset 1s within range, the 1D
or directory number DN of the handset should be entered or
selected through the handset. In the Find Request state, the
wireless handset will attempt to locate the specified handset
by transmitting a {ind message and waiting for a response
from the specified handset. The wireless handset may transi-
tion back to the Idle state from the Find Request state (repre-
sented by condition kin FI1G. 8) after successtully locating the
specified object or after failing to locate the specified object.
FIGS. 39A and 39B illustrate exemplary tlowcharts of the
various processes and operations that may be performed 1n a
Find Request state when attempting to locate a specified
object, such as an another wireless handset.

In particular, as illustrated 1n FIG. 39A, when entering a
Find Request state the wireless handset will first switch and/
or mitialize the transceiver of the handset at step S.1200 for
the Find request. That 1s, similar to the embodiment of FIG.
6 A, N frequency pairs may be assigned to the wireless hand-
set Tor performing a Find request, with the higher frequency
associated with a duplex channel “1” being designated as
F.sub.h1 and the lower frequency being designated as F.sub.l1.
After imtializing the transcerver, the wireless handset waill
collect or gather the information specifying the handset or
object to be located at step S.1202. The collected information
may include the directory number or ID of the wireless hand-
set that the user specified for the Find request.

At step. S.1204, the wireless handset will switch the
receiver to the lower frequency band of the duplex pass band
and switch the transmitter to the higher frequency band. Then,
as shown 1n FIG. 39A, the handset will 1nitialize the value of
a counter 1 to 1 at step S.1206. Following step S.1206, the
receiver of the handset will be setto the low frequency F.sub.l1
and the transmitter will be tuned to the higher frequency
F.sub.h1 at step. S.1208.

After tuning the receiver and transmitter, the wireless
handset will determine at step S.1210 whether there 1s inter-
ference 1n the channel. Interference may be analyzed by
determining whether the signal strength of the channel 1s not
greater than a predetermined threshold. For example, at step
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S.1210, the wireless handset may determine whether the
received signal strength of the channel 1s greater than a
threshold level THR.sub.rssi. I 1t 1s determined that the
threshold has been exceeded and that there 1s interference on
the channel, then at step S.1212 the value of the count 1 may
be modified according to the following equation:

i=(i+1)mod N

After the value of the counter 11s reset, logic tlow proceeds
back to step S.1208 so that another channel 1s tuned to and
analyzed for interference.

If the signal strength of the channel 1s determined to be
acceptable at step S.1210, then a counter m may be initialized
and set to O and at step S.1214 (see FIG. 39B) a synchroni-
zation signal may be sent by the wireless handset. After
synchronization, the wireless handset may transmit a find
message over the channel at step S.1216. The find message
may 1nclude the directory number of the object or handset that
1s being queried. In addition, the find message may include
the directory number of the requesting handset and/or the
name of the user that requested the find request. Following
step S.1216, the wireless handset will wait for a response to
determine if the queried object 1s within range.

In particular, at step S.1218, the wireless handset waill
determine whether a find response message has been recerved
indicating that the queried object 1s within range. If no find
response message 1s recerved, then at step S.1220 the counter
m 1s incremented by one and at step S.1224 it 1s determined
whether m has exceeded a predetermined limit L. If m 1s less
than or equal to the predetermined limit L, then logic flow
proceeds back to step S.1214 so that a synchronizing signal
and the find message may be resent. Otherwise, at step
S.1226, a find failure indication may be provided to the user
to indicate that the find request was unsuccessiul. Following
step S.1226, the wireless handset may transition from the
Find Request state back to the Idle state, as 1llustrated on FIG.
39B.

If a find response message 1s received at step S.1218, then
at step S.1228 the requesting handset will update the status of
the queried object in the handset’s Found list 1n order to
indicate that the queried object 1s within range. Further, at
step S.1230, the handset will measure the signal strength of
the response message from the queried object and update the
corresponding signal strength information in the Found list.
The found status of the specified object and the measured
signal strength may also be indicated or displayed to the user
of the requesting handset to notity the user of this informa-
tion. Following step S.1230, the find routine may terminate
and the handset may transition from the Find Request state
back to the Idle state.

In accordance with other embodiments of the invention,
FIGS. 9-12 are exemplary tlowcharts of the various processes
and operations that may be performed for carrying out a
general Find request for other wireless handsets. In addition,
FIGS. 13-16 1llustrate various embodiments for carrying out
a specific object Find request for a specific wireless handset
user with the present invention. Each of these embodiments
are described in greater detail below. In particular, FIGS. 9A
and 9B are exemplary flowcharts of the various processes and
operations that may be carried out for performing a general
Find request by utilizing a dedicated separate tuner. Accord-
ing to the embodiment of FIGS. 9A and 9B, each handset is
equipped with a separate tuner that 1s always on a predeter-
mined dedicated channel. Such a tuner 1s provided in addition
to a tuner for establishing and providing communication with
other handsets. FIG. 9A illustrates an exemplary logic flow
for a handset (1.e., handset “A”) that imtiates the general Find
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request. F1G. 9B 1llustrates the exemplary logic tlow of opera-
tions performed by each handset that 1s on the Find list of
handset A. In the exemplary flowcharts of FIGS. 9A and 9B,
list_count represents or designates to an entry in the Find list
of handset A, and ID#list_count i1s the ID of the handset or
object stored 1n an entry of the Find list.

As shown 1n FIG. 9A, a general {ind request 1s initiated by
the user of handset A at step S.90 when the user A presses a
predetermined key on the handset (hereinafter referred to as a
“FIND key”) with no object or handset specifically high-
lighted or selected on the Find list. In response, at step S.92,
the value of a list_count 1s 1nitialized and set to one. Further,
at step S.94, the handset mitializes the value of a wait_clock
to 0. After imitializing the values of the counters, the handset
A queries the first entry 1n the Find list. In one embodiment,
the handset includes a separate tuner that 1s always on a
dedicated channel, the find request or query 1s sent or trans-
mitted by the tuner on the dedicated channel. The find query
may include the ID of the handset specified by the entry 1n the
Find list corresponding to the value of the list_count (1n1tially
set to one) and also includes the ID of handset A to indicate
that the query 1s from handset A. The find query message may
be transmitted based on any message structure protocol that 1s
suitable for carrying and supporting such information ele-
ments. Further, the message structure that 1s utilized may
incorporate parity bits or other techniques for error detection
and correction. In another embodiment, the handset enters the
Find Request state from the Idle state (see FIG. §). While 1n
the Find Request state, the requesting handset searches for an
interference-iree channel to send the query.

As further shown 1n FIG. 9A, the handset at step S.98
determines whether a response has been received. In accor-
dance with an aspect of the present invention, handset A may
dwell and watit for a predetermined time for a response from
the queried handset before moving on to the next entry in the
Find list. As such, 1I a response 1s not recerved at step S.98,
then at step S.100 1t 1s determined whether the value of the
wait_clock 1s greater than or equal to the value of a predeter-
mined wait time. If the wait time 1s not exceeded at step S.100,
then logic flow loops back to step S.98. Otherwise, if the value
of the wait_clock 1s greater than or equal to the wait time, then
logic tlow proceeds to step S.104.

If 1t 1s determined that a response 1s received at step S.98,
then at step S.102 the Found list of handset A 1s updated with
the ID of the handset that responded. In addition to indicating
the ID number of the handset, the name of the handset and the
signal strength (SS5) of that handset may be indicated and
stored 1n the Found list. The relative signal strength may be
indicated by a numeric value, code or symbol. Further, vari-
ous conventional techniques may be utilized for detecting and
preparing the signal strength. The Found list may be actively
displayed and updated for viewing by the user as each
response 1s received or the Found list may be displayed only
alter each entry in the Find list has been queried.

After updating the Found list at step S.102, the handset
determines at step S.104 whether all of the entries 1n the Find
list have been queried. That 1s, at step S.104, the handset
determines 11 the value of the list_count equals the end of the
Find list. If the end of the Find list has not been reached, then
at step S.106 the value of the list_count 1s incremented by 1
and logic flow proceeds back to step S.94. Otherwise, i1 the
list_count equals the end of the Find list, then at step S.108 the
entire and complete Found list 1s displayed to the user A. At
step S.108, an alerting signal (e.g., a beep or message on the
display) may be provided to alert the user that the find request
has been completed. After displaying the Found list at step
S.108, the find request routine terminates at step S.110.
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As mentioned above, FIG. 9B 1s an exemplary flowchart of
the various processes and operations that are carried out by
cach handset when recerving a find query or request from
handset A. In one embodiment, each handset includes a sepa-
rate or dedicated tuner that 1s always on a predetermined
channel and that monitors the same for find requests. Steps
S.112 through S.120 generally represent the functions per-
formed by a responding handset. In particular, at step S.112,
the handset 1s active and performing other functions accord-
ing to the features implemented by the user. If the dedicated
tuner detects that a find request or query has been received at
step S.114, then at step S.116 the handset will temporarily
store the ID (1.e., the ID of handset A) in memory. The ID of
handset A 1s then compared with the Find list of the handset to
determine 11 the particular ID 1s on the list. I 1t 1s determined
at step S.118 that the ID of handset A 1s on the Find list, then
a positive response 1s transmitted at step S.120 by the tuner on
the dedicated channel. The response message that 1s transmuit-
ted at step S.120 may include the ID of the responding hand-
set and the ID of the handset to which the positive response 1s
directed. The positive response message may be transmitted
based on any message structure and protocol that supports
these information elements.

In another embodiment, the same or a similar functional
process 1s 1mplemented. However, a group of channels are
scanned and a channel having acceptable interference levels
1s selected 1n accordance, for example, with the procedures
described herein with reference to FIGS. 5, 6 A, 6B, 30A and
30B. This embodiment 1s better suited for use with the hand-
set when 1t 1s implemented with analog cellular handset cir-
cultry.

As Turther shown in FIG. 9B, after transmitting a positive
response at step S.120, logic flow proceeds back to step
S.112, so that other handset functions may be performed.
Logic flow will also return to step S.112 when a {ind request
1s not detected at step S.114 or when it 1s determined that the
ID of the querying handset (i.e., handset A) 1s not on the Find
list at step S.118.

In the embodiment of FIGS. 9A and 9B, each handset
utilizes a separate tuner which 1s always on a dedicated chan-
nel. When a find command 1s given, the handset uses the
dedicated channel to contact all other handsets sequentially to
determine if they are within range. Only handsets that are on
the list of the handset A will be queried to determine 11 they are
in the area. Further, only handsets that are on the list of
handset A, have handset A on their list, and are within range
will respond to the query, as indicated above. As such, only
handsets that have given handset A permission to find them
will respond. Further, according to this embodiment, since
the handset utilizes a dedicated or separate tuner, {find queries
can occur when the handset 1s on a call with another handset
without disruption of any call. Thus, 1n the exemplary flow-
chart of FIG. 9B, each handset may check to determine 11 a
find query has been recetved on the dedicated channel even 1f
other handset functions are being performed at the same time.
That 1s, step S.112 may be performed concurrently with the
operations performed at steps S.114 through S.120 in FIG.
9B. Further, 1n this embodiment, handset A may query all
handsets on the Find list sequentially and, therefore, the total
query time will be dependent upon the length of the Find list
of handset A.

In accordance with another embodiment of the present
invention, FIGS. 10A and 10B are exemplary flowcharts for
performing a general find query. The embodiment of FIGS.
10A and 10B does not require the use of a dedicated or
separate tuner. Instead, according to this embodiment, all
handsets register on a control channel at predetermined time
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intervals (e.g., every “x” minutes or seconds). This registra-
tion on the control channel may occur when the handsetisidle
and when the handset 1s on a call. Registering during a free
call will disrupt the call for a short period of time, since the
handset utilizes the same tuner required for the free call. The
registry message may include the ID of the registering hand-
set and a list of other handset IDs that are on the Find list of the
registering handset. When user A imitiates a find query by
pressing the FIND key, the handset of user A will tune to the
registry channel and listen for the predetermined time interval
(1.e., for “x” minutes or seconds). For those handsets that are
on the Find list of handset A, handset A will check to ensure
that handset A 1s on their list. FIG. 10A 1s an exemplary
flowchart of the various processes and operations that may be
performed by handset A (1.e., the handset originating the find
request), and FIG. 10B 1s an exemplary flowchart of the
processes and operations that may be carried out by each of
the handsets that are on the Find list of handset A.

As shown in FIG. 10A, at step S.124 a general find request
1s mitiated by user A when the FIND key 1s pressed on the
handset with no specific object or handset on the Find list
being selected or highlighted. In response to the FIND key
being pressed at step S.124, the handset A will initialize and
set the valueofacycle_clock to zero at step S.126. Thereatfter,
at step S.128, the handset tunes to the predetermined control
or registry channel. At step 5.130, the handset then deter-
mines whether a response or message 1s recerved on the
registry channel. As indicated above, according to this
embodiment, all handsets register on the control or registry
channel 1n accordance with a predetermined cycle time (e.g.,
every “X” minutes or seconds). As such, the handset of user A
will dwell and wait for the duration of one cycle time to
determine 1f each entry in the Find list 1s within range. Thus,
if 1t 1s determined at step S.130 that a response has not been
received, then at step S.132 1t will be determined if the
cycle_clock 1s greater than or equal to the predetermined
cycle time. The cycle_clock may be incremented 1n accor-
dance with an internal system clock of the wireless handset.
The value of the cycle_clock will, thus, maintain the elapsed
time of the find query.

I 1t 1s determined that the cycle time has not been elapsed
at step S.132, then logic flow proceeds back to step S.130. If
a response 1s detected at step S.130, then at step S.134 the
registry message of the handset that sent the response (1.e.,
“handset X”*) 1s recorded. In particular, at step S.1314, the
registry message 1s temporarily recorded, including the 1D of
the handset X and the list of other handset IDs that are on the
Find list of handset X. In addition, the measured signal
strength (SS) of the registry signal may be recorded by hand-
set A. Therealter, at step S.136, 1t 1s determined whether the
ID of handset X 1s on the Find list of handset A. IT handset X
1s on the Find list of handset A, then at step S.138 1t 1s
determined whether the ID of handset A 1s on the Find list of
handset X based on the information recorded from the
detected registry message. If 1t 1s determined that handset A 1s
on the list of handset X, then at step S.140 the ID of handset
X 1s added to the Found list of handset A, along with the
corresponding name for user X and the signal strength (SS).
Thereatter, logic flow returns to step S.132. If the cycle time
has not expired at step S.132, then additional responses that
are recerved from other users on the registry or control chan-
nel are analyzed and (if proper) added to the Found list in
accordance with steps S.134 through 5.140.

When the cycle time has elapsed or been exceeded at step
S.132, logic tlow proceeds to step S.142 where the complete
Found list 1s displayed to the user A. Once again, an alerting
signal (such as an audible beep tone or message on the hand-
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set display) may be provided to the user to indicate that the
general find query has been completed. Alternatively, the
information from the Found list could be updated and dis-
played to the user after every successiul find query by adding
a “found” icon or message next to each 1tem on the Find list as
they are located or by creating a second list of those objects
that were found. Following step S.142, logic tlow proceeds to
step S.144 where the routine terminates.

FIG. 10B 1s an exemplary flowchart of the various pro-
cesses and operations that may be carried out by each handset
(1.e., handset X) registering on the registry control channel.
As discussed above, 1n the embodiment of FIGS. 10A and
10B, all handsets register on a predetermined control channel
every X minutes or seconds. Each handset maintains a
cycle_clock, which monitors the elapsed time and 1s used to
determine when the cycle time or period has elapsed. More
particularly, as shown 1n FIG. 10B, when not registering on
the registry channel, the handset X performs other functions
at step S.150. Concurrently with the performance of other
handset functions or upon completion of a handset function,
the handset determines at step S.152 whether the value of the
cycle_clock 1s greater than or equal to the predetermined
cycle time. If the cycle time has elapsed or been exceeded,
then at step S.154 the handset will tune to the registry channel
and transmit the ID of the handset and the list of other handset
IDs that are on the Find list for the handset. As indicated
above, the registration on the registry control channel may
occur when the handset X 1s 1dle or when the handset 1s on a
call. As such, registering during a free call will disrupt the call
for a short period of time since the same handset utilizes the
tuner required for the call.

Following step S.154, the handset X at step S.156 will reset
the value of the cycle_clock to zero. Thereafter, the
cycle_clock will be incremented in accordance with the sys-
tem clock of the handset so as to keep track of the elapsed time
and so that the value of the cycle_clock may be evaluated to
determine each cycle period. Following step S.156, logic flow
proceeds back to step S.150 and the operations at steps S.152
through S.156 are repeated. As further shown in FIG. 10B,
logic flow will loop back to step S.150 whenever 1t 1s deter-
mined at step S.152 that the cycle_clock 1s not greater than or
equal to the predetermined cycle time.

In the embodiment of FIGS. 10A and 10B, a dedicated
tuner 1s not required for each handset. However, each handset
1s required to register on aregistry channel in accordance with
a predetermined cycle time (1.€., every X minutes or seconds).
The total time required to perform a find request 1s approxi-
mately equivalent to the cycle time, no matter how long or
short the Find list 1s for the handset, unless the handset tunes
to the registry channel while 1dle. The length of the cycle time
may be preset or variably set by the user or by elements 1n the
wireless network. In eitther case, the length of the cycle time
should be set based on the number of handsets that could be
registering in a particular area and the size of the list that each
handset could be transmitting on the registry channel. By
requiring all handsets to transmit their associated Find lists,
comparisons between the lists can be made to ensure that
handset A 1s on the list of handset X and vice versa, without
having to contact handset X directly. For registrations that
occur during a free call, two potentially long disruptions may
occur. These disruptions are required while each handset
registers and transmits 1ts list on the registry channel every
cycle period. The length of the disruption 1s dependent upon
the length of the list transmitted.

Various modifications may be made to the embodiment of
FIGS. 10A and 10B. For example, a procedure may be
included in FIGS. 10A and 10B to provide for collision detec-
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tion and/or collision correction. A collision may occur when
one handset tries to register while another handset 1s register-
ing on the registry channel. As further described below, by
monitoring and listening to the registry channel, each handset
may avoid some collisions by ceasing transmission and wait-
ing arandom predetermined period of time and retransmitting
whenever a collisions 1s detected on the registry channel.
Another feature may be added whereby an 1dle handset can
tune to the registry channel and maintain updates on the
handsets on 1ts lists so that when the FIND key 1s pressed, the
handset 1s able to immediately mform the user of the list
update. Such a feature could also enhance the operation of the
find procedure.

FIGS. 11A and 11B illustrate another embodiment for
providing a general find request. The embodiment of FIGS.
11 A and 11B combines the advantages of the embodiment of
FIGS.9A and 9B and the embodiment of FIGS. 10A and 10B.
As further discussed below, in the embodiment of FIGS. 11A
and 11B, all handsets register on a control channel every x
minutes or seconds. The registry occurs when the handset 1s
idle and when the handset i1s on a call. Registering during a
tree call will disrupt the call for a short period of time, since
the handset utilizes the tuner required for the free call and
does, not include a separate or dedicated tuner for performing
the registration. The registry includes the ID of the handset
and the frequency at which the handset can be contacted. If
the handset 1s on a free call, the registered frequency will be
the frequency of the call. If the handset 1s 1dle or on a cellular
or PCS call, the registry frequency will be the frequency of the
dedicated control channel. When user A initiates a general
find request by pressing the FIND key, the handset will tune to
the registry or control channel and will listen for a duration
corresponding to the cycle time (1.e., X minutes or seconds).
For those handsets that are registered on the registry channel,
handset A will contact them directly on the frequency speci-
fied 1 the registry. Only handsets that are on the list of
handset A and that are on the registry channel will be queried.
Further, only handsets that are queried, have handset A on
their Find list, and are within range will respond to the query.
Thus, only handsets that have given handset A permission to
find them will respond. FIG. 11A 1s an exemplary flowchart of
the various processes and operations that may be performed
by the handset performing the general find request (1.e., hand-
set A), and FIG. 11B 1s an exemplary tlowchart of the various
processes and operations that may be performed by each
handset that registers on the dedicated control channel (1.¢.,
handset X).

As shown 1n FIG. 11A, the general find request 1s mitiated
at step S.160 when user A presses the FIND key of the handset
with no specific object or person selected on the Find list.
Thereatter, at step S.162, the handset tunes to the registry or
control channel. Then, at step S.164, the value of the
cycle_clock 1s mitialized and set to 0. Following step S.164,
the handset A listens to the control channel for responses at
step 5.166.

If a handset registry response 1s not recerved at step S.168,
then at step S.174 the handset checks to see 1t the predeter-
mined cycle time has elapsed or been exceeded. In particular,
the value of the running cycle_clock 1s compared with the
cycle time, to determine 11 the value of the cycle_clock 1s
greater than or equal to the cycle time. If the cycle_clock 1s
less than the cycle time, then logic tlow loops back to step
S.168 to once again determine 11 a registry message has been
received.

When a handset registry response 1s received at step S.168,
then logic flow proceeds to step S.170 where the registry
information 1s analyzed. In particular, at step S.170 1t 1s deter-
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mined whether the 1D of the handset X (which registered) 1s
on the Find list of the handset A. If user X 1s not on the Find
list, then logic flow proceeds to step S.174. I, however, user
X 1s onthe Find list, then at step S.172 the ID of user X and the
frequency or channel number contained in the registry are
temporarily recorded in a separate list. As noted above, infor-
mation in the registry may include the ID of the handset which
registered, as well as the frequency at which that handset can
be contacted. Following step S.172, logic tlow proceeds back
to step 5.174.

After the cycle time has elapsed or been exceeded at step
S.174, the handset will set the value of a list_count to one at
step S.176. The value of the list_count represents an entry 1n
the temporary list of the handset A. As shown 1n FIG. 11A,
following step S.176 the handset will attempt to directly
query and contact each of the handsets 1n the list which
registered on the registry channel based on the frequency that
was specified. Thus, only the handsets that are on the Find list
of handset A and that are detected to be on the registry channel
will be queried. Further, as discussed below with reference to
FIG. 11B, only handsets that are queried, have handset A on
their Find list, and are within range will respond to the query.

In particular, at step S.178 1n FIG. 11A, the handset will
tune to the specified channel or frequency of the handset
identified by the value of the list_count in the Find list or
temporary list of user A. Then, at step S.180 the handset will
be queried with the ID of handset A being specified. The value
of a wait_clock 1s then set to zero at step S.182 and 1t 1s
determined at step S.184 whether a response message 1s
received from the queried handset. The handset A will wait
for a predetermined time to see i aresponse1srecerved. Thus,
il a response 1s not received at step S.184, logic flow proceeds
to step S.186 where the value of the wait_clock 1s compared
with the predetermined wait time. The wait_clock may be
stored 1n the handset and incremented 1n accordance with the
system clock to keep a running count of the wait time. I1 the
value of the wait_clock 1s less than the wait time, then logic
flow proceeds back to step S.184. When aresponseis recerved
at step S.184, the response 1s recorded along with the detected
signal strength (SS) at step S.188. Thereatter, at step S.190,
the ID of the responding handset X and the corresponding
name for the user X with the signal strength 1s updated to the
Found list. Logic tlow then proceeds to step S.192, as shown
in FIG. 11A.

When 1t 1s detected at step. S.186 that the value of the
wait_clock 1s greater than or equal to the predetermined wait
time, logic flow proceeds to step S.192 where 1t 1s determined
whether the end of the list has been reached. In particular, at
step S192 the value of the list_count 1s compared with the
number of entries 1 the Find list or temporary list stored in
handset A. If the list_count equals the end of the list, then the
complete Found list 1s displayed to the user at step S5.196.
Thereatter, the routine terminates at step S.198. I, however,
the end of the list 1s not reached at step S.192, logic flow
proceeds to step S.194 where the value of the list_count 1s
incremented by one and logic flow proceeds back to step
S.178, so that other handsets on the list may be directly
queried. Thereafter, logic flow proceeds as described above at
steps S.178 through S.192.

FIG. 11B 1s an exemplary tlowchart of the processes and
operations that may be performed by each queried handset
(1.e., handset X). In particular, after performing other handset
functions at step S.200, the handset X checks to determine 1f
the cycle time has elapsed at step S.202. In this regard, a
cycle_clock may be maintained that keeps a running time 1n
accordance with an internal system clock of the handset.
When 1t 1s detected that the cycle clock 1s greater than or
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equal to the predetermined cycle time, then at step S.204 the
handset X will tune to the registry channel. Then at step
S.206, registration will be performed by transmitting the 1D
of the handset X and the channel or frequency at which the
handset can be contacted. As described above, 11 the handset
1s on a iree call when performing a registration, the frequency
that 1s specified may be the frequency of the call. If, however,
the handset 1s 1dle or on a cellular or PCS call, the specified
frequency may be the frequency of a dedicated control chan-
nel.

After registering on the registry channel, the handset X waill
tune back to the original or previous channel at step S.208.
Thereatter, at step S.210, the cycle_clock will be reset to zero
so as to count another cycle time (e.g., another x minutes or
seconds). Following step S.210, logic flow proceeds to step
S.212. Further, as shown 1n FI1G. 11B, logic flow will proceed
to step S.212 from step S.202 whenever 1t 1s determined that
the cycle_clock 1s less than the predetermined cycle time.

At step S.212, the handset X will evaluate and determine
whether a find query has been recerved on the frequency or
channel that was specified by the handset 1n the registry
message. If a find query i1s not detected, then logic flow
proceeds back to step S.200 where other handset functions are
performed. If, however, a find query 1s received, then at step
S.214 the handset X determines 11 the ID of handset A (which
1s contained 1n the find query) 1s on the Find list of the handset
X. IT handset A 1s on the Find list, then a positive response 1s
transmitted at step S.216. The positive response may include
the ID of handset X. Following step S.216, logic flow pro-
ceeds back to step S.200. Further, if handset A 1s not on the
Find list of handset X, then logic flow will also proceed back
to step S.200 from step S.214.

Although not depicted in the flow charts of FIGS. 11 A and
11B, 11 two handsets (for example, handset A and handset B)
are on a free call, the handsets may register sequentially on the
control channel. FIG. 11C illustrates this principle. That 1is,
since most of the time to register 1s occupied in tuning to the
registry channel, synchromzing with the registry channel, and
then tuning back to the voice channel of the free call, conver-
sational time can be saved by registering sequentially. In FIG.
11C, handset A and handset B are represented as sequentially
registering on a control channel relative to time, with handset
B registering sequentially to handset A. As a result, the total
time spent away from the conversation and the free call 1s the
total time to tune twice, sync twice and register twice. If the
tune and sync times were not overlapped as 1llustrated 1in FIG.
11C, the total time spent away from a conversation would be
the required time to tune four times, sync four times and
register twice. As a result, by registering sequentially, the
disruption of the free call can be mimimized.

As discussed above, free calls that are established with
handset-to-handset communication may utilize time domain
multiplexing. Therefore, when handset A needs to find
another handset (e.g., handset B) that 1s on a free call, handset
A will tune to the channel in which handset B 1s conducting a
voice conversation. As explained above, this channel will be
specified by the handset when registering on the registry or
control channel. When directly contacting handset B, handset
A will transmit on a control time slot of the specified channel
a request to handset B to check its Find list, and recerve on the
control time slot of the channel the response if handset A 1s on
the Find list of handset B. Further information regarding time
domain multiplexing and control time slots 1s provided below
with reference, for example, to the description of the confer-
encing features of the present invention.

Various additional procedures or modifications may be
made to the embodiment of FIGS. 11 A and 11B. For example,
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an 1dle handset can tune to the registry channel and maintain
updates on the handsets on 1ts Find list, so that when the FIND
key 1s pressed by the user, the direct queries of the handsets
can be performed while shortening the time required for a find
procedure. Further, as discussed above with reference to the
embodiment of FIGS. 10A and 10B, procedures for collision
detection and/or collision correction may be included in the
embodiment of FIGS. 11A and 11B.

As detailed above, the embodiment of FIGS. 11A and 11B
does not require a dedicated or separate tuner to be provided
in each of the handsets. Instead, handsets register on a control
channel according to a cycle time (e.g., every X minutes or
seconds). A registry occurs when the handset 1s 1dle and when
the handset 1s on a call. A disruption on a free call 1s required
while both handsets register and sequentially transmit their
frequency on the registry channel every cycle period. The
length of this disruption should be less than that in <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>